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ABSTRACT

This doctoral thesis aims at the investigation of plant-based antimicrobials,

based on hop -acids and rosin acids, for the growth inhibition of clostridia in

silage production.

In a first step, in vitro studies were carried out in order to determine the

minimum inhibitory concentration of the plant-based antimicrobials by means of

three microbial standard test methods on a range of microorganisms typically

found in silage. Results indicated that -acids and rosin acids were not very

effective against Gram-negative bacteria, yeasts and moulds. On the contrary,

Gram-positive bacteria could already be inhibited at very low concentrations.

Interestingly, some representatives of the lactic acid bacteria group showed lower

sensitivity towards the plant-based antimicrobials in comparison to spoilage

microorganisms such as clostridia.

Based on these results, in a second step, a laboratory model was developed in

which soil contamination was used to obtain pressed sugar beet pulp silages

spoiled by clostridia. Typically, clostridial spoilage is represented by decreasing

lactic acid concentrations and increasing pH-values over the progression of

fermentation, as well as the development of high butyric acid concentrations in the

finished silage. Preliminary trials demonstrated that both, -acids and rosin acids

could limit clostridial growth, thus forming the basis for the combined use of the

antimicrobials and lactic acid bacteria to achieve an enhanced effect. Based on

the data compiled thus far, a patent application for ensiling of plant raw materials

using hop acids and rosin acids was filed. However, due to aspects concerning

approval procedures for silage additives, subsequent experiments were focused

on -acids.

In the following systematic trials, pressed sugar beet pulp was mixed with soil

for artificial contamination with clostridia. Laboratory silos were filled with the

substrate and stored at 25°C for 90 days. The impact on clostridial growth during

silage fermentation was monitored by determination of the pH-value and dry

matter content, as well as chemical analysis of the fermentation products in

specified time intervals. Throughout the experiments, the effect of -acids was

examined in combination with lactic acid bacteria and compared with commercial

silage additives such as formic acid and silage inoculants. Results indicated that in

contaminated silage samples, without any additives, high butyric acid contents
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occurred due to clostridial growth. This spoilage could not be suppressed by the

application of lactic acid bacteria alone. In contrast to that, the combined use of

lactic acid bacteria and -acids in the range of 50 to 100 mg kg-1 demonstrated

reduced butyric acid formation and limited clostridial growth.

In a third step, the investigations were extended to grass silages. In analogy to

the ensiling experiments with pressed beet pulp, soil-contaminated grass was

treated with the plant-based antimicrobials with and without lactic acid bacteria

and stored at 25°C for 90 days. Additionally to pH, dry matter content and silage

acids, the microbial composition of the laboratory silages was analysed at

specified time intervals. Results indicated that the combined use of lactic acid

bacteria and -acids in the range of 50 to 100 mg kg-1 inhibited clostridial growth,

which was demonstrated by favourable organic acid composition and low butyric

acid concentrations, owing predominantly to the contribution of the lactic acid

bacteria.

Based on these results it can be concluded that the application of -acids

improves the overall preservation effect of lactic acid bacteria in suppressing

clostridial growth in silages and thus demonstrates some potential for the

combined use with lactic acid bacteria. However, further scientific effort is needed

in order to optimise the efficacy of such a combined silage additive for different

plant material sources.
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ZUSAMMENFASSUNG

Das Thema der vorliegenden Dissertation behandelt die Untersuchung

natürlicher pflanzlicher Wirkstoffe auf Basis von Hopfen--Säuren und Harzsäuren

zur Wachstumshemmung von Clostridien in Silagen.

In der Arbeit wurden in einem ersten Schritt in vitro Studien mit im Silagebereich

üblicherweise vorkommenden Mikroorganismen durchgeführt und die minimale

Hemmkonzentration der Wirkstoffe mittels dreier mikrobiologischer Standardtest-

verfahren ermittelt. In den Ergebnissen zeigten die Substanzen lediglich geringe

Wirksamkeit gegen gramnegative Bakterien, Hefen und Schimmelpilze. Im

Gegensatz dazu wurde eine Hemmung grampositiver Bakterien aber bereits in

sehr niedrigen Konzentrationen erzielt. Interessanterweise zeigten einige Vertreter

aus der Gruppe der Milchsäurebakterien eine wesentlich geringere Empfindlichkeit

gegen die pflanzlichen Wirkstoffe als Verderbskeime wie Clostridien.

Auf Basis dieser Ergebnisse wurde nun in einem zweiten Schritt ein Labor-

modell entwickelt, in welchem Rübenpressschnitzel mit Erde kontaminiert wurden,

um Clostridienwachstum und somit Silageverderb reproduzierbar zu erzielen.

Clostridienverderb äußert sich typischerweise in einem Abbau von Milchsäure

verbunden mit einem pH-Wert-Anstieg über den Silierverlauf und hohen Butter-

säuregehalten zu Silierende. In Vorversuchen mit diesem Labormodell zeigte sich,

dass sowohl -Säuren als auch Harzsäuren das Clostridienwachstum

einschränken konnten, wobei ein verbesserter Effekt bei der gemeinsamen

Verwendung der Wirkstoffe mit Milchsäurebakterien beobachtet werden konnte.

Auf Basis dieser Untersuchungsergebnisse wurde ein Verfahren zur Silierung

pflanzlicher Rohstoffe unter Verwendung von Hopfensäuren und Harzsäuren zum

Patent angemeldet. Aufgrund einer Reihe anderer Aspekte in Bezug auf eine

Siliermittelzulassung wurde der Fokus in den weiteren Untersuchungen aber auf

Hopfen--Säuren gelegt.

In den darauffolgenden systematischen Versuchen wurden frische Press-

schnitzel mit Erde kontaminiert, das Material in Einweckgläser gefüllt und

anschließend 90 Tage bei 25°C im Klimaschrank gelagert. Zur Unterdrückung der

Verderbsvorgänge wurden Hopfen-ß-Säuren mit Milchsäurebakterien kombiniert

und mit kommerziellen Silierhilfsmitteln wie Ameisensäure und Silagestarterkul-

turen verglichen. Eine Dokumentation des Silierverlaufs erfolgte in regelmäßigen

Zeitabständen durch Öffnung von Laborsilos und Untersuchung der Silagen auf
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pH-Wert, Trockensubstanzgehalt und Gärsäurenzusammensetzung. In den

Ergebnissen zeigte sich, dass eine kombinierte Anwendung von Milchsäure-

bakterien und Hopfen--Säuren im Bereich von 50 bis 100 mg/kg das Wachstum

von Clostridien und damit die Bildung von Buttersäure gut zu unterdrücken

vermag. Im Gegensatz dazu lagen die Buttersäuregehalte bei der alleinigen

Anwendung von Milchsäurebakterien auf einem signifikant höheren Level.

Im dritten Teil wurden die Untersuchungen schließlich auf Grassilagen

ausgedehnt. Analog zu den Versuchsserien mit Pressschnitzeln wurde leicht

angewelktes Gras mit Erde kontaminiert, mit den Wirkstoffen bzw. Silierzusätzen

behandelt und in Einweckgläsern bei 25°C gelagert. Neben den bereits genannten

Untersuchungsparametern wie pH-Wert, Trockensubstanzgehalt und Gärsäuren-

spektrum wurde auch die mikrobiologische Zusammensetzung der Silagen

analysiert. Dabei zeigte sich, dass eine kombinierte Anwendung von

Milchsäurebakterien und Hopfen--Säuren das Wachstum von Clostridien und die

Bildung von Buttersäure gut zu unterdrücken vermag, der Effekt offenbar aber

überwiegend auf die Milchsäurebakterien zurückzuführen ist.

Die vorliegenden Ergebnisse dieser Arbeit lassen den Schluß zu, dass die

Anwendung von Hopfen--Säuren den konservierenden Effekt von Milchsäure-

bakterien zur Unterdrückung des Clostridienwachstums in Silagen entscheidend

verbessern kann und zeigen Potential für kombinierte Siliermittel auf. Es ist jedoch

weiterer Forschungsbedarf notwendig um die Wirksamkeit eines derartigen

Kombinationsprodukts für verschiedene pflanzliche Rohstoffe zu optimieren.
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INTRODUCTION

In the early 1990s the Austrian sugar industry voluntarily abstained from the use

of formaldehyde for the control of bacterial infections in the extraction area. This

was the starting point for a whole new approach to use natural plant-based

products in a large scale industry (Pollach et al., 2004). The sugar producing

company involved wanted to avoid being linked to a substance that was portrayed

throughout the media as “bad” and “unhealthy” and in keeping with this decision,

acceptance of various operational problems and financial losses were required.

However, a remedy was underway: accidentally it was observed that bacteria,

which are present in sugar raw juice, did not grow on a nutrient medium containing

traces of hop bitter acids. A literature survey explained the discovery and indicated

that the observed antiseptic properties of hop compounds were initially utilised to

protect beer from bacterial spoilage in order to extend the shelf life of this alcoholic

beverage. In view of these findings, sugar technologists, convinced of having

experienced a remarkable discovery, pressed ahead with the vision of replacing

an established, so-called “hard” chemical biocide with well known food compounds

encompassing a positive image: hops. Upon establishing contact with the hop

industry, large scale trials in sugar factories were performed with a by-product

from the manufacture of hop extracts for brewing purposes. The trials successfully

confirmed the aforementioned antiseptic effect. Eventually, the innovative method

of using hop compounds for combating bacteria in sugar production was granted a

patent in 1997 (Pollach, 1997). Since then, the marketing of a hop product based

on -acids, one of the major active compounds of the hop resin, became a

profitable business in the worldwide sugar industry and all involved partners

profited from the problem. The sugar company had an alternative product, which

had the potential to rather stimulate curiosity than anxiety. The hop company was

able to market an initially low-margin by-product in a whole new field where it was

possible to achieve greater profits. The inventor company could participate

through license agreements with the hop company. Additionally, there was the

clear perspective to further expand into other fields of application and the

awareness that this could be achieved more easily by cooperation.

Looking back at this particular piece of recent history, a role model can be

derived, which demonstrates the general need for antimicrobial agents in food and

feed production with a more sustainable approach, thus avoiding chemicals or
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antibiotics. With increasing importance of bioethanol usage and thus more

bioethanol plants, hop products were also tested and found suitable for bioethanol

production – an industrial field of application, which was much closer to beer

brewing than sugar production. In this context, the use of antibiotics to suppress

lactic acid bacteria in order to minimise ethanol yield losses in yeast fermentation

was very common. However, within the European Union, the use of antibiotics in

bioethanol production was forbidden in order to avoid transfer of the substances to

DDGS (dried distillers grains with solubles), a dried co-product from bioethanol

production consisting of unfermented grain residues and concentrated thin stillage,

which combined is an important feedstuff for farm livestock (Muthaiyan et al.,

2011). This pre-requisite opened up the field for alternative substances, with hop

based products again suitable for application (Rueckle & Senn, 2006). Also,

antibiotics added to animal feed as growth promoters were constantly under

debate and eventually banned within the EU on 1st January 2006 (OJEU, 2003;

Narvaez et al., 2011). Due to this overuse of antibiotics, the spread of antibiotic

resistance of animal and human pathogens became a major problem and

therefore, in recent years, plant compounds have been increasingly considered as

alternatives. Again, it is not surprising that there are numerous studies, which

suggest the use of hops to positively influence the microbial composition in the

digestive tract of livestock, all the more as hop extracts are approved as feed

additives throughout the EU (OJEU, List of additives, 2011; Narvaez et al., 2011).

However, the use of antibiotics for the latter mentioned purposes currently remains

to be allowed in many countries, including the US and Brazil. Hop compounds

have also been tested in animal hygiene as agents for udder and teat disinfection

in order to replace common products based on iodine and chlorine, which are not

particularly suitable for such sensitive tissue (Haas, 2006).

These examples illustrate that there is intensified reassessment taking place

with respect to the use of antimicrobial substances. They also demonstrate that

the origin for new approaches can emerge from different sources (the industry,

consumer concerns, governing and legislative bodies, etc.), which are often

closely interrelated.

Returning to the sugar industry, the hop compounds applied in the extraction

area were found to be present in the resulting pressed pulp, which can be dried or

ensiled for subsequent use as an animal feed. Due to the fact that inhibition of
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undesired groups of microorganisms was reported in the course of ensiling, the

positive effects were attributed to the hop remnants (Pollach et al., 1999).

Together with earlier observations, which also indicated anticlostridial activity of -

acids (Pollach et al., 2002), it seemed reasonable to evaluate the potential of hop

compounds in silage production, where clostridia are among the most important

spoilage microorganisms. With respect to this, therefore, effective and reliable

antimicrobials are in much demand (McDonald et al., 1991).

Thus, the subsequent chapters highlight the traditional use of hop compounds

within the brewing industry, as this is the historic starting point of these additives in

human nutrition and that which remains the most important sector for hops use. In

addition, the current knowledge about the chemistry, the specific antimicrobial

action and other uses for the hop compounds are discussed. Finally, the field of

silage production with a special focus on clostridial spoilage problems and the

economic impact for farmers and the dairy industry are outlined.
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Hop acids

The hop plant

The hop plant Humulus lupulus L. is a climbing perennial plant which belongs to

the family of Cannabinaceae. It has separate male and female plants, and it is the

female plant’s unfertilised flowers, which occur in inflorescences and are referred

to as cones upon maturity. The cones are composed of a central strig and of

bracts and bracteoles, which contain the so-called lupulin glands (Fig.1). These

yellow, golden-brown lupulin glands are the commercially relevant part of the plant

as they incorporate essential oils, hop polyphenols and the hop resin (Rybacek,

1991; Neve, 1991; Heyerick, 2001). The major components of dried hop cones are

summarized in Table 1.

Figure 1: The essential parts of the hop cone (Eiken, 2011; USDA, 2011)

Table 1: Average composition of dried hop cones (Heyerick, 2001)

Nature Percentage (w/w)

a-acids 2-19

b-acids 2-11

Essential oil 0.5-3.0 (v/w)

Polyphenols 3-6

Monosaccharides 2-3

Amino acids 0.1

Proteins 15

Lipids and fatty acids 1-5

Pectins 2

Ashes/salts 5-10

Cellulose-lignins 40-50

Water 8-12
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Hop bitter acids

The hop resin contains two main groups of bitter acids, which can be both

characterised as prenylated phloroglucinol derivatives: -acids (humulones) and -

acids (lupulones) (Huavere, 2004). The -acids are a mixture of humulone and its

congeners cohumulone, adhumulone, prehumulone and posthumulone, which only

differ in the nature of the acyl side chain “R” (Fig. 2). Accordingly, the -acids are a

mixture of lupulone and its congeners colupulone, adlupulone, prelupulone and

postlupulone (Neve, 1991). Fig. 2 presents an overview of the chemical structure

of -acids and -acids and their respective analogues (Verzele & De Keukeleire,

1991).

OH

HO

 -acids

HO
O

R

O

-acids

HO O

OH O

R

Figure 2: Structural formulas of the hop bitter acids

Hop acids are weak acids, which exhibit very poor water solubility and have

almost no bitter taste in their native form. In their pure state they appear as pale-

yellowish solids. -acids have acidic, lipophilic, salt forming, and chelating

Hop a-acid Hop b-acid Acyl R

Humulone Lupulone CH2CH(CH3)2

Cohumulone Colupulone CH(CH3)2

Adhumulone Adlupulone CH(CH3)CH2CH3

Prehumulone Prelupulone CH2CH2CH(CH3)2

Posthumulone Postlupulone CH2CH3
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properties, which are comprised by a -tricarbonyl functional group as the main

structural feature and by the hydrophobic side chains. In contrast to -acids, -

acids cannot form salts with lead(II) acetate and are less acidic than -acids,

because the tertiary alcohol function at C6 is replaced by an extra prenyl side

chain. -acids are extremely sensitive to oxidation, which is initiated by air (auto

oxidation) (Van Cleemput et al., 2009). Both, the - and -acids, have common

biochemical precursors, the 6-deoxy--acids. The relative proportions of - and -

acids depend on the hop variety, the cultivation conditions and the time of

harvesting (Benitez et al., 1997).

In the brewing industry the -acids are considered the most valuable fraction of

hops. The traditional brewing practice, according to beer purity laws, utilizes hops

as whole cones or in the pelletized form at the stage of wort boiling, where the -

acids undergo a thermal isomerisation reaction (Fig. 3), thus forming iso--acids

(occurring as cis- and trans-stereoisomers), which have increased water solubility

and bitterness (Benitez et al., 1997; Moir, 2000). However, the yield typically does

not exceed 30 % (Hughes, 2000). The -acids are only sparingly water soluble

and cannot undergo the same isomerisation processes as -acids (Moir, 2000).

Instead, the majority is lost in the brewing process due to precipitation reactions

and adsorption to solids present in the wort. With the exception of a minor fraction

that results in flavour active derivatives in beer, the -acids are considered as

compounds with a low brewing value (Benitez et al., 1997; Verhagen, 2010).

Figure 3: Isomerisation reaction of -acids during wort boiling

OH

HO

 -acids

HO
O

R

O

 -acidsIso-

HO

O

OO

OH

R

boiling wort
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A more progressive approach in brewing uses hop extraction by means of

supercritical CO2 or organic solvents to produce iso--acids and reduced iso--

acid products. The reduced acids are more hydrophobic and even more bitter than

the iso--acids. Additionally, they are light stable, in contrast to iso--acids. The

extracts produced with this method can be added to the finished beer in order to

adjust to the demanded bitterness, thus avoiding the -acid yield losses, which

occur in the traditional hops addition during the wort boil. The extraction and

separation process applied to produce these products is outlined in Figure 4. A by-

product of the process comprises the -acid fraction which is available for

utilisation in other fields of application (Benitez et al., 1997).

Dihydro-iso--acids

Tetrahydro-iso--acids

Hexahydro-iso--acids

Aromahop
-acids (<5%)
-acids (30-65%)
Hop oil (5-20%)
Waxes (0-10%)
Used in brewing applications

Step 3: Water / KOH
extraction pH 10-11.5

BetaStab 10A

-acids (9-11%)
-acids (<1%)
Hop oil (0.1%)
Waxes (<2%)
Water (81-91%)

HOPS

Step 1: Extraction with
supercritical carbon dioxide

Hop Extract
-acids (40-60%)
-acids (15-40%)
Hop oil (5-10%)
Waxes (0-5%)
Used in brewing applications

Step 2: Water extraction pH 6.5-8.0
Residue

Alpha acid products

Figure 4: Flow chart for the production of hop extracts (BetaTec, 2011)
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The relevance of hop bitter acids: a historic overview

The history of hop use and the utilization of its antibacterial properties are

closely related to beer brewing. It might well be that the worldwide success of this

alcoholic beverage would not have happened without the preservative properties

of hops. In a time, when the technique of pasteurization was still unknown, hops

ensured the storability and transportability of beer. Vice versa, the motivation to

clarify the antiseptic properties of hops in the course of beer brewing was driven

by the desire to improve the beverage. From today’s view, the history of beer

consumption by man is also an extraordinary long-lasting history of the

consumption of an additive with unique properties. Having this in mind, it is worth

considering the interrelation of both. Thus, Table 2 tries to identify important

milestones and events in the history of hops use for beer preservation.

Table 2: Historic overview of hops use in brewing

TIME SCALE

A.D. 1800

Pliny the Elder reports about the use of hops in salads and as a replacement for

aparagus;

EVENT

B.C. 7000 -

B.C. 5000

Beer brewing was already known in ancient civilisations (Sumer, Babylon, Egypt),

however it is very unlikely that hops were used;

A.D. 60

A.D. 600 -

A.D. 800

First mention of hop gardens (768, near the monastery Weihenstepan, Bavaria);

Hop fruitlet finds in European areas are a supposed indicator for hop-use in brewing;

~A.D. 822
Abbot Adalhardus from the Monastery of Corvey (Germany) mentions the use of

hops in brewing in a series of statutes;

A.D. 859 -

A.D. 875

Cultivation of hops in humularia (hop gardens) at the monastery Weihenstephan,

however no cast-iron evidence for use in brewing;

A.D. 900 -

A.D. 1000

Famous Graveney-boat find indicates that hops were already being traded, which

can only be explained in the context of brewing; Earliest available records for hop in

brewing relate to western Switzerland and France;

~A.D. 1150 -

A.D. 1160

Hildegard of Bingen (1098-1179) remarks in her Physica the use of hops for beer

brewing and appreciates its preservative effect;

A.D. 1100 -

A.D. 1300

Use of hops becomes common outside of areas were sweet gale (Myrica gale )

was used as a beer additive;

14th century
Myrica beer is in decline in continental Europe as hops are increasingly used to

flavor beer with the advantage of prolonged shelf-life;

A.D. 1400 -

A.D. 1600

By rumor M. gale is said to be poisonous, thus brewing of Myrica beer is forbidden;

1516 the beer purity law comes into force in Germany;

In England hop use is prohibited by law to protect Myrica beer in the 15th century; in

1554 legalization of hop growing by parliament;

Hops are the only flavoring compound allowed to be used in beer brewing;
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Although it is well known that ancient civilizations in Egypt and Mesopotamia

brewed beer, it is not certain if these peoples used hops as a flavoring additive

(Hornsey, 2003). In the first century A.D., Pliny the Elder mentions the use of hops

for salads and as a replacement for asparagus. He referred to it as the “wolf of the

willows”, because the wild growing hop vine strangled willows, similar to wolves

devouring sheep. This also explains the Latin name “Lupus salictarius”, from which

the later name Humulus lupulus is derived (Verzele & De Keukeleire, 1991). The

origin of the genus name Humulus may go back to a latinization of the Slav word

“hmelj”, meaning head (Neve, 1991; Huavere, 2004).

In the Early Middle Ages, it was discovered that the plant’s flowers can be used

to increase the shelf life of beer, because they inhibit microbial spoilage. However,

it is not clear where in Europe this important discovery was made, as there are

contradictory statements in the literature and written records are rare (Barth et al.,

1994; Behre, 1999; Hornsey, 2003). The general use of hops in the era before

1000 A.D. could be traced back by fruitlet finds and by the mention of hop

gardens, for example at the monastery Weihenstephan in Bavaria 768 A.D.

(Verzele & De Keukeleire, 1991; Behre, 1999; Hornsey, 2003). Most authors

believe that the first mention of hops for brewing purposes was in 822 A.D., when

Abbot Adalhardus from the monastery of Corvey in Germany refers to it in written

statutes. The famous “Graveney-boat find” is seen as an indicator for brewing-

related hops trade between continental Europe and England in the 10th century

(Behre, 1999; Hornsey, 2003).

After 1000 A.D., the use of hops in beer brewing markedly increased, which is

documented by numerous archeo-botanical evidence and written reports. In the

12th century, Hildegard of Bingen remarked in her “Physica” the use of hops for

beer brewing and appreciated its preservative effect. But all in all, she actually

depreciated hops due to supposed side effects and recommended sweet gale

instead (Behre, 1999). Sweet gale (Myrica gale) was used together with other

plants in so-called “gruits”, which represented the flavoring additive of choice for

beer at that time. During the next centuries, both beer additives existed in parallel,

contesting for the lead and favor among beer brewers and drinkers. However, the

unique preservative character of the hop bitter acids made hops superior to sweet

gale: hops as an additive was rapidly gaining ground and, supported by beer purity
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laws in the 16th century, eventually prevailed over sweet gale, finally becoming the

only beer flavouring additive allowed since the 18th century (Behre, 1999).

Antibacterial mechanism of hop acids

For more than 1000 years the use of hops was consequently propelled within

the brewing industry for beer preservation. However, it remained unknown which

hop compound was responsible for that effect (Piendl & Schneider, 1981).

According to the literature, Hayduck in 1888 was the first to show that the

antiseptic properties of hops were due to the soft resins (hop acids) (Sakamoto,

2002). With increasing knowledge of hop chemistry in the late 19th and the early

20th centuries (Stocker, 1962; Verzele & De Keukeleire, 1991), brewing

microbiologists continued the quest to elucidate the antiseptic properties of hop

constituents, which conferred microbial stability to beer. Shimwell (1937a, 1937b)

stated that by 1922 the antiseptic potency of hops had long since become an

unquestioned dogma in brewing: bacteria, which were able to grow in the

presence of hop compounds were seen as exceptional cases owing their

resistance to acquired immunity produced by a long contact with hop antiseptic

under brewing conditions. However, on the basis of experiments with various

Gram positive and Gram negative bacterial strains, Shimwell (1937a) postulated

the “heretic” conception that hop antiseptic might be effective only towards Gram

positive bacteria. In systematic studies he could demonstrate that this was indeed

the case as there was a close connection between Gram staining and

susceptibility of bacteria to hop acids.

Motivated by these studies, hop acids were tested against various

microorganisms, first and foremost against Gram positive bacteria. The hop

compounds were even considered as possible agents for the suppression of

tuberculosis. Chin et al. (1949) confirmed previous findings and stated that the

inhibitory power of hop acids against S. aureus and M. tuberculosis was greater

with decreasing pH, independent of the growth medium. However, when human

serum was present, the effect was reduced. In Germany, statistical investigations

were conducted with the aim to find out if there is a connection between

tuberculosis and the peoples’ occupational category. These studies were based on

hints that among members of the brewing industry, who consumed more hop bitter

acids through altered beer consumption, lower numbers of tuberculosis cases
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could be observed. However, the results were not very pronounced (Boetzig,

1952; Rohne & Rische, 1952;). Riedl (1954) studied the effect of synthesized hop

acids against S. aureus and M. tuberculosis and demonstrated that the inhibitory

effect was associated with the length of the acyl side chains of the substances and

increased with their hydrophobic properties. However, in spite of favorable in vitro

effects against M. tuberculosis, the relevance of hops in this field diminished again

as adverse physiological effects were reported and superior agents, other than

hops, were successfully employed to fight tuberculosis (Piendl & Schneider, 1981).

Despite the striking evidence brought to light in the first half of the 20th century,

the antimicrobial effect of hop acids in beer brewing remained doubtful. This was

likely to be triggered by repeated observations of beer spoilage incidents

associated with hop resistant Gram positive lactic acid bacteria (LAB). Though

studies conducted by Teuber (1962) once more confirmed the effectiveness of

hops against Gram positive bacteria and demonstrated that even actinomycetes

were sensitive, although to a lesser extent as for example B. subtilis, it was

concluded that the sensitivity of the substances towards oxidation and the

negative influence of light and metal ions would limit the preservative effect. This

view was even more emphasized by the outcome of a subsequent study, which

compared the minimum inhibitory concentration (MIC) of humulone, lupulone and

isohumulone (Teuber, 1970). Due to the fact that isohumulone demonstrated a far

higher MIC than the common concentration of the substance in beer, it was

concluded that the preservative effect exerted is not so significant. However, the

influence of pH on the effectiveness of the substances was not taken into account

as the MIC determination was performed at neutral pH values. In an attempt to

clarify the mode and the site of action of hop acids in bacteria, co-workers Teuber

and Schmalreck (1973) studied the effect of lupulone, humulone, isohumulone and

humulinic acid on a B. subtilis strain. Since the antibacterial potencies of hop bitter

resins were known to be higher in the least soluble lupulones, they supposed that

the cell membrane might be the primary target in hop-sensitive bacteria and

demonstrated that bactericidal concentrations of hop acids lead to membrane

leakage accompanied with inhibition of nutrient transport into the cell.

Concentrations below the MIC were found to be bacteriostatic, as they extended

the lag phase of bacterial growth. A further study with 26 different hop acids also

included several synthetic humulone and lupulone derivatives (Schmalreck et al.,

17/130



1975). Again, the cytoplasmic membrane of susceptible bacteria was supposed to

be the site of action. As it seemed obvious that the inhibitory action was coupled

with the hydrophobic properties of the hop acids, the authors concluded that the

extremely low water solubility literally “forced the resins into the lipophilic

membrane, thus leading to cell death”. However, the exact mechanism remained

unknown.

The “molecular structure and antibacterial function of hop resin materials” was

also investigated after 1990 (Simpson, 1991). Meticulous studies were carried out

in order to clarify the mode of action that confers antibacterial activity to iso--

acids, the predominant hop acid species found in beer. By using L. brevis, a hop

resistant beer spoilage LAB, it was shown that pH is a decisive factor in the

assessment of the MIC of hop acids, as their antibacterial effect is determined by

the share of undissociated acid present. Thus, a concept using approximate or

equilibrium pKa-values was employed to explain the MIC-change for humulone,

colupulone, trans-isohumulone and humulinic acid over a pH-range of 4-7,

revealing that the MIC of colupulone, the -acid, was highest and least affected by

pH (Simpson & Smith, 1992). Potentiometric studies revealed that in an

electroneutral process undissociated trans-isohumulone transports protons across

the cell membrane and, after internal dissociation, leaves the cell through the

formation of a complex with divalent cations such as Mn2+. Concerning the

bacterial cell, this process results in a decrease of the pH gradient across the

membrane. In view of these results it was proposed that hop acids act as mobile

carrier ionophores, which move protons across the cell membrane, thus effectively

dissipating the transmembrane pH-gradient of the proton motive force and

eventually causing inhibition of nutrient transport and ultimately cell death

(Simpson, 1993a, 1993b; Simpson et al., 1993). More recent studies have

principally confirmed the ionophoric activity of hop acids but have indicated further

possible inhibitory mechanisms (Behr & Vogel, 2009).

As hop-resistant organisms are able to maintain a transmembrane gradient and

ATP pool in the presence of trans-isohumulone, it was concluded that hop

resistance of bacteria originated within the cell membrane (Simpson & Fernandez,

1994). Structural similarities among the hop acids suggested the idea that their

antibacterial activity might also be similar. Consequently, sensitivity and resistance
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patterns of LAB, which were demonstrated for trans-isohumulone, were found to

be valid also for other hop acids (Fernandez & Simpson, 1993).

Parallel to that, growth inhibition of a thermophilic Bacillus sp. in recovered

hopped wort was reported. Results showed no sporicidal activity but a limited

extent of bacterial germination and an outgrowth at higher hop acid concentrations

(Smith & Smith, 1993). Conversely, researchers found that B. subtilis was not

sensitive to hop compounds and proposed that development of resistant strains

could be easily obtained by repeatedly transferring bacterial cultures to a medium

with higher hop compound concentrations (Haas & Barsoumian, 1994). To date

the phenomenon of hop adaptation is generally accepted and seen as the reason

why beer spoilage LAB can gradually acquire enhanced hop resistance (Suzuki et

al., 2006).

Investigations into the mechanism of hop resistance among beer spoilage LAB

continued and were found to be conferred to the bacteria by a number of

processes (Sakamoto & Konings, 2003; Suzuki et al., 2006). These include

extrusion of hop compounds from bacterial cells by an ATP dependent multidrug

transporter (HorA) and a proton motive force dependent multidrug transporter

(HorC), respectively (Sakamoto et al., 2002; Suzuki et al., 2002; Iijima et al.,

2006). Furthermore, a proton translocating ATPase, the ATP production system,

an altered cell wall composition and other factors were found to contribute to the

hop resistance mechanisms in LAB (Simpson & Fernandez, 1994; Suzuki et al.,

2006; Sakamoto et al., 2002; Behr et al., 2006). Due to the fact that hop resistance

mechanisms in LAB are being related to genes, which are encoded on plasmid

DNA (horA, horC), it was presumed that hop resistance patterns may be

transferrable to other bacteria, and even pathogenic ones (Sakamoto, 2002). For

LAB in particular, it was found to be evident that they acquired hop resistance

through horizontal gene transfer (Suzuki et al., 2006).

Antimicrobial spectrum of hop acids

Since Shimwell demonstrated in 1937 that there is a close connection between

Gram staining and the susceptibility of bacteria to hop acids, it has generally been

accepted that hop compounds are inhibitory against Gram positive but not Gram

negative bacteria (Teuber & Schmalreck, 1973; Van Cleemput et al., 2009). This

remains valid nowadays, although there is a report concerning growth inhibition of
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various E. coli strains caused by hop acids, thus suggesting a method to apply hop

compounds also against Gram negative bacteria (Fukao et al., 2000). However,

growth inhibition of E. coli was only obtained when hop acids were combined with

other antibacterial agents. Antifungal activity for hop acids has been reported on

several occasions (Chin et al., 1949; Mizobuchi & Sato, 1985). However, an

inhibitory effect against yeasts has never been observed (Teuber & Schmalreck,

1973; Siragusa et al., 2008). Hop acids were also found to be effective against

viruses and protozoa (Van Cleemput et al., 2009).

Perspectives of application

Apart from their use in the brewing industry, hop acids have been tested against

various Gram positive bacteria in order to utilize their antimicrobial properties also

in other fields of application. One of the earliest potential uses, which attracted

interest, was against human pathogens such as M. tuberculosis, but practical

relevance in this field was limited. Later studies showed inhibitory effects against

B. subtilis. However, the aerobic bacterium had only low relevance in beer brewing

(Teuber & Schmalreck, 1973; Simpson, 1993a). The authors noted in their

literature review that hop acids had already been found to be effective against a

wide range of Gram positive bacteria including the genera Bacillus, Streptococcus,

Streptomyces, Micrococcus and others. Piendl and Schneider, in 1981,

extensively reviewed the literature for MIC studies of hop compounds against a

wide range of microorganisms, including bacteria, yeasts and molds. However,

follow-up studies to identify fields for practical utilization of the obtained knowledge

were not subsequently undertaken.

At the beginning of the 1990s, when Simpson (1991) was able to provide

substantial insights in the mode of action of hop acids against Gram positive

bacteria, the focus gradually shifted away from beer brewing to other potential

fields of application. These activities were also promoted by the hop producing

companies, whom wanted to diversify their product application in order to avoid

complete dependency on the brewing industry. Hop acids were the subject of

various patent applications and publications for their use in foods to control

clostridia and listeria (Millis & Schendel, 1994; Barney et al., 1995; Larson et al.,

1996; Johnson & Haas, 1999; Shen & Sofos, 2008). Other investigations were

carried out in such different fields as animal dietary supplements, pharmaceuticals,
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veterinary hygiene, dental hygiene and others (Barney et al., 1994; Bhattacharya

et al., 2003; Rigby & Seagal, 2005; Haas, 2006; Yamaguchi et al., 2009; Maye,

2010; Madsen et al., 2011). However, these findings and patents had no or only

minimal commercial success.

Parallel to that, hop acids were introduced within the sugar industry at the

beginning of the 1990s as an alternative to formaldehyde in order to control

bacterial contamination in the extraction area (Pollach et al., 1996; Pollach 1997;

Hein et al., 2006). Interestingly, continued studies also demonstrated an inhibitory

effect of hop acids at alkaline pH values, where thick juice, an intermediate

product of sugar production, could be protected from bacterial degradation during

its storage (Hein et al., 2002; Justè et al., 2007). Subsequently, the search for

industrial uses continued: in bio-ethanol production the hop compounds were

introduced with the aim to replace antibiotics (Rueckle & Senn, 2006). Other

authors suggested the use of hop compounds as a replacement for antibiotics in

livestock in order to influence the microbial flora in the digestive tract, thus

improving nutrient utilization and animal health (Rigby & Segal, 2005; Cornelison

et al., 2006; Flythe, 2009; Maye, 2010; Narvaez et al., 2011). Recently, a patent

has been granted for the use of hop acids in the field of maize starch production,

with the aim to minimize microbial losses in wet maize storage and to replace SO2

in maize steeping (Baczynski & Wirth, 2010). Thus, hop acids have increasingly

become a true alternative to biocidal products, which are under debate because of

negative effects induced on humans and animals. Today fields of application

which have become economically important include worldwide acting industries

like that of sugar, yeast and bio-ethanol production (Hein et al., 2006; Baczynski et

al., 2007; Muthaiyan et al., 2011).

Generally, hop acids can be considered as effective agents in fields, where

Gram positive bacteria require control. However, it is necessary to keep the

compounds’ main characteristics in mind in order to achieve optimum results.

Table 3 was compiled to outline the pros and cons of hop acid use.
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Table 3: The pro’s and con’s of hop acid use

Pro’s of hop acid use

 natural plant-derived products with GRAS (generally

regarded as safe) status

 Harmless towards humans & animals

 Long safe history in beer brewing and human

consumption

 Effective against Gram-positive bacteria, including

pathogens at very low inhibitory concentrations

 Wide range of products (-acids, -acids and

respective derivatives) with specific optimum pH-range

 Positive image as an alternative agent compared to

"hard" chemicals or antibiotics due to its long-time use

in the food industry

Con’s of hop acid use

- Prone to degradation and limited storability, sensitive to

air (oxygen), light, humidity, temperature, metal ions

(complex formation)

- Weak acids, effectiveness is pH-dependent

- Minor effect against fungi, no effect against Gram-

negatives and yeasts

- Adaptations / resistance development in bacteria (LAB)

- Limited availability and price fluctuations due to volatile

hop market

- More expensive than other biocidal substances (e.g.

formaldehyde, antibiotics, SO2;)

- Low water solubility and limited applicability due to

bitter taste
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Silage production

Silage production – a brief historic overview

The production of silage has a long historic tradition. According to the literature

there is evidence that the preservation of plant materials as an animal feed was

already known in ancient Egypt 1500 to 1000 B.C. Also the Greeks and the

Romans appreciated silage production and from ancient writings from the

Mediterranean it can be derived that air-tight sealing was seen as a precondition

for successful silage preservation. However, a scientific approach in the process

emerged only in the 19th century, when Grieswald, in 1842, recommended to fill

pits with fresh grass as rapidly as possible, compact the material and seal off the

contents in order to avoid entry of air. In 1877, a French farmer named Goffart

published the first book on ensilage, which is seen as the practical modernisation

of the procedure. This book was later translated and also served as the technical

basis for silage production throughout the US and Europe (McDonald et al., 1991).

Although the basic principles of silage production have been applied for many

centuries, the success story of silage was delayed until the 1950s, when more

intensive animal production was demanded. The revival of this preservation

method was also supported by the introduction of the forage harvester in Europe

and North America in the 1960s (Wilkinson & Toivonen, 2003).

World silage production

Silage production, as a way to preserve animal feed, has increased over the

years at the expense of hay, because its production is less dependent on

sustained periods of dry weather. From a worldwide perspective of utilised area,

the most important crops for ensilage are grass and maize, with grass being more

important in Europe and maize in North America. Other crops for ensilage include

corn varieties (e.g. wheat, barley), legumes and industrial by-products (sugar beet

tops, pressed sugar beet pulp, brewers grains) (Wilkinson & Toivonen, 2003). In

2000, the estimated area of land harvested for silage in Western Europe was

approximately 15 million hectares of which 10 million were grass, 4 million maize

and 1 million others. Generally, the production of silage has markedly increased in

Europe between 1975 and 1990 from approx. 50 to 100 million tonnes dry matter.

Since the 1990s, the production has remained more or less static. Table 4
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presents an overview of production figures for the five most important European

countries and the US.

Table 4: Important countries for silage production (Wilkinson & Toivonen, 2003)

In Austria, silage production on a dry matter basis in 2000 was estimated to be

1.6 million tonnes of grass, 1.2 million tonnes of maize and 0.2 million tonnes of

other crops. More recent figures are available for 2009 with 2.8 million tonnes of

grass, 1.1 million tonnes of maize and 0.5 million tonnes of legumes (BMLFUW,

2010; Resch, 2011). This data indicates that production in Austria has significantly

increased over the last decade.

Goals in ensiling

Silage can be described as the material produced by controlled fermentation of

a crop with high moisture content in order to preserve nutritional feeding value

(McDonald et al., 1991). Thus, the main objectives in preserving crops by lactic

acid fermentation include the rapid achievement of anaerobic conditions and the

minimization of losses caused by spoilage microorganisms. In order to achieve

these goals it is necessary to adhere to some essential points in silage production

(Weissbach, 2002; DLG, 2006):

 Use only clean material in its optimum condition (harvester settings to

min. cutting height of 5-7 cm, right harvesting time)

 Dry matter content with an optimum range between 30-40 %

 Optimum chopping length (< 4 cm), compaction of the material in the silo

Country Grass Maize Other Total

France 6.1 16.8 5.3 28.2

Germany 8.6 14.6 3.2 26.4

United Kingdom 9.4 1.1 0.4 10.9

Czech Republic 7.3 2.6 0.5 10.4

Italy 0.2 6.9 0.4 7.5

USA 1.7 32.4 9.0 43.1

Estimated production in 2000

(million tonnes dry matter)
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 Quick filling and adequate sealing in order to achieve airtight conditions

for the subsequent lactic acid fermentation

 Use silage additives to support the natural fermentation process and limit

secondary fermentation

Clostridia – a major problem in silage production

Apart from yeasts and moulds, which are associated with aerobic spoilage,

clostridia are one of the major disturbing factors in silage fermentation. Bacteria

from the genus Clostridium are obligately anaerobic spore-formers and many of

the species can ferment carbohydrates as well as proteins. Clostridium species

typically associated with silage are C. tyrobutyricum, C. butyricum, C. sporogenes

and C. bifermentans (McDonald et al., 1991). While the first two species are

regarded as saccharolytic, the latter species are highly proteolytic, thus degrading

proteins and amino acids. The resulting products have a negative impact on the

feeding value of the ensiled material and on animal health (e.g. toxic biogenic

amines) (Krizek, 1993; Van Os et al., 1996). Among the species described above,

C. tyrobutyricum is the most problematic, as this bacterium is acid tolerant and

capable of converting lactate to butyric acid, H2 and CO2. Abundant growth of C.

tyrobutyricum in silage can lead to an increase in pH and subsequently to growth

of less acid tolerant clostridia and even pathogenic microorganisms like C.

botulinum (Notermans et al., 1979; Driehuis & Oude Elferink, 2000).

Consequently, clostridial growth may not only cause severe nutrient losses in the

silage but also represents a health hazard when the silage is fed to animals

(Weissbach, 2004). Silages spoiled by clostridia are typically characterised by a

high pH and an unpleasant smell caused by high contents of butyric acid,

ammonia and amines.

In ensiling, the spoilage microorganisms are naturally suppressed by intense

lactic acid fermentation under anaerobic conditions, which leads to a subsequent

pH drop in the plant material. However, under practical conditions, several factors

can negatively influence a successful preservation process. These factors are

associated with insufficient raw material quality and improper ensiling

management and can be summarized as follows (McDonald et al., 1991; Driehuis

& Oude Elferink, 2000; DLG, 2006):

 Low dry matter content and thus high water activity aw
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 Low content of fermentable sugars

 High buffering capacity

 Improper lactic acid bacteria (LAB) and/or low initial cell counts of LAB

 Lack of inhibitory substances (nitrate)

 Soil contamination during harvesting or wilting

Although awareness concerning these issues is widespread among farmers and

scientists alike, the problems with clostridial spoilage continue to persist.

Consequently, silage additives have been developed in order to compensate

unfavourable conditions in silage production, suppress growth of unwanted

microorganisms and improve silage quality (Thaysen et al., 2007). However,

according to the DLG (Deutsche Landwirtschafts-Gesellschaft), only two of these

additives are approved as being particularly effective against clostridial growth.

Probably the most effective silage additive for this purpose is based on a

mixture of nitrite and hexamethylenetetramine (Weissbach, 2004). The utilization

of nitrites against clostridia has a long tradition in curing salts for the preservation

of meat products and sausages (O`Leary & Solberg, 1976). In silage, the pH

decrease induced by LAB in the early phase of fermentation causes conversion of

nitrite to nitrous gases which inhibit susceptible clostridia (Knicky, 2005; DLG,

2006). LAB, on the other hand, are not disturbed by these compounds and pH

reduction continues. Hexamethylenetetramine, the second active ingredient of the

combination, is hydrolysed during prolonged pH drop and liberates formaldehyde,

thus delivering sustained protection against clostridial proliferation, also at later

stages of the fermentation process (Lueck, 1985). Although the advantages of the

additive are evident, there are pronounced health risks associated with nitrous

gases since these compounds are highly toxic for humans and animals.

Consequently, other approaches focused on less dangerous remedies, such as

biological LAB starters. The application of selected lyophilised LAB at the onset of

ensiling ensures a high initial number of LAB and therefore supports accelerated

acidification through the conversion of plant sugars to organic acids.

Consequently, the pH decreases to inhibitory levels for clostridia. However, there

is only one commercial LAB starter available, which is attributed to have an

inhibitory effect on clostridial growth (DLG, 2006; Hrnacek, 2009). Lactic acid

starters may also be combined with other supplements such as enzymes or
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molasses, which are added to increase the availability of fermentable substrate for

the bacteria and achieve a further reduction in pH (McDonald et al., 1991;

Thaysen et al., 2007).

During recent years, research efforts were undertaken in order to further

improve the inhibitory effect of lactic acid starters against clostridia. The ability of

LAB to synthesize bacteriocins was seen as a promising character to be utilised in

silage production, as the method was already demonstrated to be effective in

cheese and meat production (Okereke & Montville, 1991; Czech, 2003; Flythe et

al., 2004; Tuerk, 2005; Tuma et al., 2008; Jones et al., 2008). However, until now,

success with bacteriocin-synthesizing LAB in this field was limited and therefore

additives on this basis have not been introduced to the market, yet. Other attempts

for the combined use of anticlostridial substances and LAB for the suppression of

clostridial growth are limited to only a few reports in the literature and did not

trigger relevant follow-up studies (Bureenok et al., 2006).

Impact of clostridia in cheese production

With increased utilization of silage as forage for livestock, clostridial

contamination of raw milk became a serious problem in the production of

specialised cheeses (Heilmeier, 1988; Jonsson, 1990). The spores of clostridia

from silage are able to survive the digestive system of dairy cows and can then be

transferred to the milk via faecal contamination of udders and teats (Vissers et al.,

2006). Consequently, the presence of clostridial spores in milk not only impairs its

quality but is also a health risk for consumers. The most relevant species for the

dairy industry is C. tyrobutyricum (the Greek word “tyros” means “cheese”), which

was first isolated from spoiled cheese samples (Heilmeier, 1988). Its ability to

ferment lactate is responsible for a cheese defect called “late-blowing”, which can

be observed in hard and semi-hard cheeses such as Emmental, Grana, Gouda,

and Parmesan (Driehuis & Oude Elferink, 2000; Julien et al., 2008). As a result,

some countries with considerable production of these types of cheeses prohibited

or discouraged the feeding of silage to dairy cows. In other areas, the use of silage

additives has become mandatory in order to minimize clostridial growth in silages

(Wilkinson & Toivonen, 2003). Other countermeasures, such as milk treatment

prior to cheese production in order to separate the contaminants can help to
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minimize the problem, but are expensive and decrease milk quality for further

processing (Heilmeier, 1988).
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AIM OF THE STUDY

The aim of this study is to evaluate the potential of plant-based antimicrobials

for the growth inhibition of clostridial contaminants in the field of silage production.

After the voluntary abdication of formaldehyde use in Austria, these so-called

“natural antibacterials”, based on hop -acids and rosin acids, were originally

developed at Zuckerforschung Tulln GmbH in the 1990s in an effort to combat

thermophilic bacteria in the extraction area of sugar production.

Already, in the 1990s, the developers and other authors reported that remnants

of these substances have a certain influence on the fermentation process and the

resulting properties of pressed beet pulp silage. Nevertheless, more in-depth

studies were not conducted.

Therefore, as an initial step, the influence of these plant-based substances on

the growth of typical silage microorganisms should be first investigated. These

investigations were to be carried out on a laboratory-scale by means of different in

vitro susceptibility testing methods.

In a second step, a laboratory ensiling model with pressed beet pulp should be

developed in order to achieve silages, which have reproducibly undergone

clostridial spoilage and contain typically high butyric acid concentrations.

Subsequently, systematic ensiling experiments should be conducted to evaluate

the inhibitory effect of the plant-based antimicrobials on clostridial growth and the

capabilities to secure silage quality despite clostridial contamination. In these

experiments, commercial silage additives should be used for comparison

purposes.

In a third step, the experiments should be extended to other plant raw materials

with a special focus on the ensiling of grass, as in this field clostridial spoilage is a

major problem and has a high economic impact. Again, commercial products

should be used to compare the results.

To this day, Zuckerforschung Tulln GmbH has established a successful

licensing model for “natural antibacterials” that are marketed throughout the

worldwide sugar industry. Thus, the findings were to be evaluated for protection by

patent applications in order to possibly extend the existing licensing model to the

field of silage production.
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Chapter one

10 years’ experience with natural antibacterials within Agrana.

Walter Hein, Guenter Pollach and Florian Emerstorfer

Sugar Industry 131: 477-491 (2006)
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^jge!ljaYdk!af!l`]!^a]d\!g^!Z]]l!klgjY_]!Yj]!j]hgjl]\-

$(0!/+,'-#!fYlmjYd!YfaZY[l]jaYdk+!`gh!#,Y[a\k+!jgkaf!Y[a\k+!eqjakla[!

Y[a\+!]pljY[lagf+!l`a[c!bma[]!klgjY_]+!agf!]p[`Yf_]j+!\]pljYf+!e]kg,

h`ada[!kdae],^gjeaf_!ZY[l]jaY+![ggdaf_!oYl]j![aj[mal+!Z]]l!klgjY_]

0! 6KOMGKUVOI

?dk!eYf!ka[`!0880!Z]a!?_jYfY!]flk[`dgkk+!Ymk!GeY_]_j� f\]f!^j]a,

oadda_!Ym^!\]f!CafkYlr!ngf!DgjeYdaf!rmj!@]c�eh^mf_!ngf!Kacjg,

gj_Yfake]f!Z]a!\]j!Vm[c]j_]oaffmf_!rm!n]jra[`l]f+!]j_YZ!ka[`!kg,

og`d!̂ � j!\a]!Njg\mclagf!Ydk!Ym[`!̂ � j!\a]!Dgjk[`mf_!]af]!n� dda_!f]m]!

PalmYlagf-!@]j]alk!af!\]f!HY`j]f!rmngj!omj\]!af!]afr]df]f!T]jc]f!

Zro-! af!mfl]jk[`a]\da[`!dYf_]f!IYehY_f]h`Yk]f!Ym^!\]f!CafkYlr!

]af]k! B]kaf^]clagfkeall]dk! ae!CpljYclagfkZ]j]a[`! n]jra[`l]l-!?m^!

Ejmf\!\]j!\Y\mj[`!Z]\af_l]f!`� `]j]f!Kad[`k� mj]o]jl]!af!\]f!P� ^,

l]f!Ydk!Dgd_]!ngf!n]jkl� jcl]j!Kacjggj_Yfake]fYclanal� l!omj\]!\a]!

?Zhj]kkZYjc]al!\]j!]pljY`a]jl]f!P[`falr]d!n]jZ]kk]jl+!oYk!d]lrl]f\,

)!O]nak]\!n]jkagf!g^!l`]!d][lmj]k!hj]k]fl]\!Zq!E(!<KOS!Yl!l`]!SBV.DV~!Pgee]jlY_mf_!af!
Ta]f!1//3!Yf\!l`]!K]]laf_!g^!l`]!AGQP!P[a]fla^a[!Ageeall]]!af!Igh]f`Y_]f!1//4-
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kaZd]!lg![geh]fkYl]!^gj!j]kmdlYfl!km_Yj!dgkk]k!l`jgm_`!l`]k]!]f]j_q!

kYnaf_k-

?l! l`Yl! lae]!Y!hjg[]\mj]!oYk!\]n]dgh]\!Yl! l`]!km_Yj!j]k]Yj[`!af,

klalml]!af!Dm[`k]fZa_d+!?mkljaY+!o`a[`!oYk![YhYZd]!g^!h]j^gjeaf_!

Y! [gehjgeak]! Z]lo]]f! Yf! gh]jYlagfYd!eg\]!oal`![gehd]l]! kmh,

hj]kkagf! g^!ea[jggj_Yfakek!Yf\![gfljgdd]\! _jgol`! g^! dY[la[! Y[a\!

ZY[l]jaY+!naY!\gkY_]!g^!^gjeYdaf!af!l`]!dgo]j!hYjlk!g^!l`]!]pljY[lagf!

lgo]j-!Q`ak!oYk!Y[`a]n]\!l`jgm_`!Y!kh][aYd!oYq!g^!^gjeYdaf!afb][,

lagf-!Q`]!j]kmdlk!o]j]!hmZdak`]\!af!0875!W0X-

?^l]j!l`]!ZYf!gf!^gjeYdaf!^gj!aeY_]!j]Ykgfk+!l`]!k]Yj[`!^gj!Ydl]j,

fYlan]!kmZklYf[]k![YhYZd]!g^!af`aZalaf_!l`]jegh`ada[!ZY[l]jaY!oYk!

klYjl]\-!Bmjaf_!klm\a]k![gf[]jfaf_!l`]!mladarYlagf!g^!egfgkY[[`Y,

ja\],\]_jY\Ylagf! ^gj! aehjgn]e]fl! g^! hj]kkYZadalq! g^! ]p`Ymkl]\!

[gkk]ll]k!W1+!2X! l`]!c]q!gZk]jnYlagfk!g[[mjj]\-!Q`]!ZY[l]jagklYla[!

^]Ylmj]k!g^!`ghk+!o`a[`!`Yn]!Z]]f! ljY\alagfYddq!mladar]\!^gj!egj]!

l`Yf!7//!q]Yjk!lg!]phYf\!l`]!klgjY_]!da^]!g^!Z]]j+![Yf!Ydkg!kmhhj]kk!

ea[jgZaYd!Y[lanala]k!oal`af!km_Yj!hjg\m[lagf!W3X-

?^l]j! l`ak!Zj]Ycl`jgm_`!gl`]j!kmZklYf[]k!km[`!Yk! jgkaf!Y[a\k!Yf\!

eqjakla[! Y[a\+! j]kh][lan]dq+! o]j]! \ak[gn]j]\! Yf\! Yhhda]\! Y_Yafkl!

l`]jegh`ada[!ZY[l]jaY!W4+!5X-!Gf!l`]!^gddgoaf_+!aehgjlYfl!ead]klgf]k!

Yj]!ogjc]\!gml!af!\]lYad!Z]_affaf_!oal`!l`]!\ak[gn]jq+!d]Y\af_!gn]j!

lg!l`]!\]n]dghe]fl!g^!hjY[la[Yd!kgdmlagfk!g^!l`]k]!Ydl]jfYlan]!hjg\,

m[lk!Yf\!^afYdaraf_!oal`!^mlmj]!h]jkh][lan]k-

1! 9PQ!#%CEKFT

B]lYad]\! af^gjeYlagf! gf! l`]! ]kk]flaYd! [gfklalm]flk! g^! `ghk! [Yf!

Z]!^gmf\!af!l`]![gjj]khgf\af_!dal]jYlmj]!W6X-!P`gjldq!kmeeYjar]\!

l`]! ^gddgoaf_! ^Y[lk! Yj]! n]jq!em[`! ogjl`! e]flagfaf_9! oal`af! l`]!

kqf[Yjha]k!g^!^]eYd]!`gh!hdYflk!s!jah]!mf^]jladar]\!af^dgj]k[]f[]k!

[Ydd]\!meZ]dk!gj![gf]k!s!log!`a_`dq!afl]j]klaf_!kmZklYf[]![dYkk]k!

Yj]!hj]k]fl9!",Y[a\k!gj!`memdgf]k+!o`a[`!Yj]!mk]\!^gj!Zall]jaf_!g^!

Z]]j!Yf\!#,Y[a\k!gj!dmhmdgf]k!`Ynaf_!ZY[l]jagklYla[!hjgh]jla]k!W7+!

8X-

?!\][akan]!Y\nYflY_]!g^!Yhhdqaf_!`gh,hjg\m[lk!ak!ZYk]\!gf!l`]!^Y[l!

l`Yl!l`]k]!hjg\m[lk!`Yn]!Z]]f![gfklalm]flk!g^!^gg\!^gj![]flmja]k!Yf\!

Yj]!j]_Yj\]\!Yk!`Yjed]kk!^gj!`meYf!Z]af_k!Yf\!eYeeYdk-!Gehgj,

lYfl!ead]klgf]k![gf[]jfaf_!`gh!#,Y[a\k!Yj]!dakl]\!af!QYZd]!0-

?k! Ydj]Y\q! e]flagf]\! YZgn]+! l`]! ]^^][lan]f]kk! g^! `gh! hjg\m[lk!

Y_Yafkl!l`]jegh`ada[!dY[lYl]!ZY[l]jaY!af!km_Yj!hjg\m[lagf!oYk!\ak,

[gn]j]\! af! 0882-! Gf! 0883! kqkl]eYla[! dYZgjYlgjq! ljaYdk! klYjl]\! af!

da[`!rm!]af]j!Cf]j_a]]afkhYjmf_!Z]a!\]j!Qjg[cfmf_!^� `jl]-!Bmj[`!

\a]k]! Cf]j_a]]afkhYjmf_! c� ff]f! mfl]j! _]oakk]f! OY`e]fZ]\af,

_mf_]f!\a]!Ym^lj]l]f\]f!Vm[c]jn]jdmkl]!cgeh]fka]jl!o]j\]f-

Ge!Vm[c]j^gjk[`mf_kafklalml!Dm[`k]fZa_d!omj\]!rm!\a]k]j!V]al!]af!

S]j^Y`j]f!]floa[c]dl+!Z]a!\]e!\mj[`!Bgka]jmf_!ngf!DgjeYdaf!ae!

mfl]j]f!@]j]a[`!ngf!CpljYclagfkl� je]f!]af!Igehjgeakk!roak[`]f!

]af]j!@]lja]Zko]ak]!eal!ngddkl� f\a_]j!Rfl]j\j� [cmf_!Zro-!VmdYk,

kmf_!ngf!eacjgZagdg_ak[`]j!Kad[`k� mj]Zad\mf_!]jra]dl!o]j\]f!kgdd,

l]-!Ba]k!omj\]!\mj[`!]af]!kh]ra]dd]!Dgje!\]j!DgjeYdaf]afZjaf_mf_!

ae!mfl]j]f!@]j]a[`!\]k!CpljYclagfklmjek!e� _da[`-!Ba]!Cj_]Zfakk]!

omj\]f!0875!hmZdara]jl!W0X-

@]a!Plm\a]f!rmj!Lmlrmf_!\]k!KgfgkY[[`Yja\YZZYmk!ro][ck!S]j,

Z]kk]jmf_!\]j!P[`falr]dYZhj]kkZYjc]al!W1+!2X!omj\]!k[`da]� da[`!\a]!

]flk[`]a\]f\]!@]gZY[`lmf_!_]eY[`l9!Ba]!ZYcl]jagklYlak[`]!IjY^l!

\]k!Fgh^]fk+!\a]!k[`gf!k]al!� Z]j!7//!HY`j]f!Z]a!\]j!S]jZ]kk]jmf_!

\]j!JY_]j^� `a_c]al!ngf!@a]j!_]fmlrl!oaj\+!cYff!Ym[`!]j^gd_j]a[`!

rmj! @]c�eh^mf_! ngf!eacjgZagdg_ak[`]f!?clanal� l]f! Z]a! \]j! Vm,

[c]j_]oaffmf_!_]fmlrl!o]j\]f!W3X-

Gf! \]j! Dgd_]! cgffl]f! \Yff! Ym[`!FYjrk� mj]f! Zro-!Kqjaklafk� mj]!

]j^gd_j]a[`!rmj!@]c�eh^mf_!ngf! l`]jegh`ad]f!Kacjggj_Yfake]f!

]af_]k]lrl! o]j\]f! W4+! 5X-! Ge! Dgd_]f\]f! o]j\]f! ]afa_]! oa[`la_]!

PlYlagf]f!\]j!Cfl\][cmf_!Zro-!\]j!Cfloa[cdmf_!\a]k]j!Ydl]jfYlan]f!

Njg\mcl]!\Yj_]kl]ddl-

1! 9PQHGO%#%@_ VSGO

@]r� _da[`!B]lYadk!rm!Fgh^]faf`Ydlkklg^^]f!k]a!Ym^!\a]!]afk[`d� _a_]!

DY[`dal]jYlmj!n]joa]k]f!W6X-!Imjr!rmkYee]f_]^Ykkl!cYff!̂ gd_]f\]k!

^]kl_]`Ydl]f!o]j\]f9!Gf!\]f!Djm[`lkl� f\]f!\]j!o]aZda[`]f!Fgh^]f,

h^dYfr]f!s!_]j]a^l]!mfZ]^jm[`l]l]!@d� l]fkl� f\]+!Ym[`!Bgd\]f!g\]j!

VYh^]f!_]fYffl!s!^af\]l!eYf!1!afl]j]kkYfl]!Plg^^_jmhh]f9!",P� m,

j]f!g\]j!Fmemdgf]+!o]d[`]!\a]!Yf_]f]`e]!@all]j]!\]k!@a]jk!Z],

oajc]f!mf\!\Yf]Z]f!#,P� mj]f!g\]j!Jmhmdgf]+!\a]!eY� _]Zda[`!^� j!

\a]!ZYcl]jagklYlak[`]f!Ca_]fk[`Y^l]f!n]jYflogjlda[`!kaf\!W7+!8X-

Cflk[`]a\]f\]j!Sgjl]ad!̂ � j!]af]f!CafkYlr!ngf!Fgh^]fhjg\mcl]f!oYj!

\a]!QYlkY[`]+!\Ykk!Fgh^]fhjg\mcl]!k[`gf!k]`j!dYf_]!af!J]Z]fkeal,

l]df!]af_]k]lrl!o]j\]f!mf\!ka[`!\Yeal!cYme!]af]!Bakcmkkagf!� Z]j!

k[`� \da[`]!L]Z]foajcmf_]f!\a]k]j!PmZklYfr]f!]flr� f\]f!c� ffl]-

ACDMG!)2! GehgjlYfl!kl]hk!af!l`]![gfl]pl!g^!l`]!mk]!g^!`gh!hjg,

\m[lk!af!km_Yj!eYfm^Y[lmj]

ACD&! )2! Ta[`la_]! P[`jall]! ae! VmkYee]f`Yf_! eal! \]j! Lml,

rmf_!ngf!Fgh^]fhjg\mcl]f!Z]a!\]j!Vm[c]j_]oaffmf_

0880! SgdmflYjq!YZ\a[Ylagf!g^!^gjeYdaf!Yl!?_jYfY
! Dj]aoadda_]j!S]jra[`l!Ym^!DgjeYdaf!Z]a!?_jYfY

0882! Bak[gn]jq!g^!l`]!ZY[l]jagklYla[!^]Ylmj]k!g^!`ghk!^gj!l`]!km_Yj!af,
\mkljq

! Cfl\][cmf_!\]j!ZYcl]jagklYlak[`]f!IjY^l!\]k!Fgh^]fk!^� j!\a]!Vm,
[c]jaf\mklja]

0883! Pqkl]eYla[!ljaYdk!oal`!l`]!kg,[Ydd]\!ueafa!^]je]fl]jv
! Pqkl]eYlak[`]!S]jkm[`]!ae!tId]af^]je]fl]ju

0883! QjaYdk!oal`!ZYk]!]pljY[l!gf!Y!l][`fa[Yd!k[Yd]
! S]jkm[`]!eal!@Yk]]pljYcl!ae!l][`fak[`]f!KY� klYZ
!
0884! MhlaearYlagf!g^!\gkaf_
! Mhlaea]jmf_!\]j!Bgka]jmf_

0884! Bak[gn]jq!g^!f]o!^a]d\k!g^!Yhhda[Ylagf
! Cfl\][cmf_!o]al]j]j!CafkYlr_]Za]l]
!
0886! Dgmf\Ylagf!g^!@]lYQ][!Gf[-;!\]n]dghe]fl!g^!@]lYPlYZ!0/?z

! Ej� f\mf_!\]j!DY-!@]lYQ][;!Cfloa[cdmf_!ngf!@]lYPlYZ!0/?z7KI&!)2! Fgh!Y[a\k!'YZgn]9!`memdgf]!Y[a\;!Z]dgo9!dmhmdgf]!Y[a\(

3DD&!)2!Fgh^]fk� mj]f
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o`a[`!Y!kaehd]+!Zml!n]jq!]^^a[a]fl!l]kl!YjjYf_]e]fl+! l`]!kg,[Ydd]\!

ueafa!^]je]fl]jv!oYk!mk]\!'Da_-!1(-

Q`ak!kh][aYd!l]kl!YjjYf_]e]fl![gflYafk!Y!keYdd!_dYkk!n]kk]d!Yf\!af,

klYddYlagfk!^gj!kdgo!eY_f]la[!klajjaf_+!l]eh]jYlmj]![gfljgd!Yf\!hF!

nYdm]! j][gj\af_-!OYo!bma[]! '^j]k`!gj!hj]nagmkdq! klgj]\! af! Y!\]]h!

^j]]r]j(!oYk!mk]\!^gj!afg[mdYlagf!Yf\!Y\\]\!lg!l`]![d]Yj!daima\!fm,

lja]flk!Yl!l`]!Z]_affaf_!g^!l`]!l]kl-!?^l]j!Y\\alagf!g^!l`]!kmZklYf[]!

mf\]j!afn]kla_Ylagf!\YlY!YZgml![`Yf_af_!hF!nYdm]k!\m]!lg!ea[jgZaYd!

Y[lanalq!oYk![gdd][l]\-!Pm[[]kkan]!\gkaf_!g^!keYdd!Yegmflk!g^!l`]!

kmZklYf[]!l`]f!]p`aZalk!l`]!eafaeme!af`aZalgjq![gf[]fljYlagf!^gj!

l`]![mjj]fl!]ph]jae]fl-!?fgl`]j! aehgjlYfl!gml[ge]!ak!gZlYafYZd]!

^jge!l`]! d]f_l`!g^!h]jag\k! af!o`a[`!fg! ^mjl`]j!\jgh! af!hF!nYdm]!

g[[mjk-

Q`ak!kaehd]!l]kl!YjjYf_]e]fl+!hjY[la[Yddq!mfeg\a^a]\!kaf[]!l`]!Z],

_affaf_!g^! l`]! ^ajkl! ljaYdk+!oYk! mk]\! l`jgm_`gml! l`]!o`gd]! klm\q9!

^jge! l`]! Z]_affaf_! oal`! hj],ljaYdk! oal`! nYjagmk! `gh! hjg\m[lk! af!

0883!mh!lg!klm\a]k!gf!l`]!eg\]!g^!Y[lagf!g^!l`]!]^^][lan]!kmZklYf[]k!

o`a[`+!af!1//2+!qa]d\]\!afl]j]klaf_!^af\af_k-

Q`]!eYaf!hjgZd]e!af!l`ak!h`Yk]!g^!\]n]dghe]fl!oYk!l`]![j]Ylagf!

g^!Y!hjg\m[l!o`a[`![gehda]k!oal`!l`]!j]imaj]e]flk!g^![gflYafaf_!Y!

`a_`![gf[]fljYlagf!g^!]^^][lan]!kmZklYf[]!Yk!o]dd!Yk!̂ allaf_!][gfge,

a[Yd!]ph][lYlagfk!'Y!dgo,[gkl!Ydl]jfYlan]!lg![gfn]flagfYd!kmZklYf[]k!

af!l`]!km_Yj!af\mkljq(-!

Egg\![ggh]jYlagf!oal`!l`]!`gh!af\mkljq!g^^]j]\!l`]!Yml`gjk!Yf!gh,

hgjlmfalq!lg!l]kl!Y!kg,[Ydd]\!uZYk]]pljY[lv-!Q`ak!hjg\m[l!gja_afYl]k!

^jge!eYcaf_!akg,]pljY[l+!Y!kgdmZd]!`gh,hjg\m[l!o`a[`!ak!Y\\]\!lg!

^afak`]\!Z]]j!^gj!Y[`a]naf_!Y!klYf\Yj\ar]\!Zall]j!lYkl]-!@Yk]]pljY[l!

ak!Y!`a_`dq!nak[gmk+!\Yjc!_j]]f!Yf\!kla[cq!hYkl]![gflYafaf_!jgm_`dq!

4/$!g^!#,Y[a\k!Yf\!`Ynaf_!Yf!mfhd]YkYfl!ke]dd-!Q`]!^ajkl!^mdd!k[Yd]!

ljaYdk!oal`!l`ak!hjg\m[l!o]j]![gf\m[l]\!af!l`]!Qmddf!km_Yj!^Y[lgjq!af!

0883-!O]kmdlk!g^!l`ak!ljaYd!Yj]!_an]f!af!Da_mj]!2-

@Yk]]pljY[l!oYk!gja_afYddq!Yhhda]\!Yk!Yf!Yd[g`gda[!kgdmlagf!gj!af!alk!

e]dl]\!k`Yh]+!dYl]j!gf!ljaYdk!oal`!]emdkagfk!`Yn]!Ydkg!Z]]f![Yjja]\!

gml-!Q`]!aehY[l!g^![gflafmgmk!\gkaf_!gn]j!3!`!gf!l`]!dY[lYl]![gf,

l]fl!g^!jYo!bma[]!ak!k`gof!af!Da_mj]!2-!?f!af^dm]f[]!gf!l`]!dY[lYl]!

[gfl]fl!ak![d]Yjdq!nakaZd]-

?l!l`ak!hgafl!al!k`gmd\!Z]!e]flagf]\!l`Yl!\m]!lg!l`]!YnYadYZd]!hj]kk,

af_!Yf\!\jqaf_![YhY[ala]k!?mkljaYf!km_Yj!^Y[lgja]k!f]]\]\!lg!`Yn]!

dY[lYl],nYdm]k!af!jYo!bma[]!Z]lo]]f!2//s3//!e_.c_+!lg!e]]l!oal`!

kh][a^a[Ylagfk!g^!\ja]\!hmdh!\mjaf_!h`Yk]k!g^!`a_`!Z]]l!hjg[]kkaf_!

[YhY[alq-!Q`ak!eY\]!ljaYdk!oal`!hjg\m[lk!g^!mfcfgof!]^^][lan]f]kk!

]kh][aYddq![jala[Yd-

Ta[`la_]!Cj]a_fakk]!ae!VmkYee]f`Yf_!eal!Fgh^]f,#,P� mj]f+!kg!

_]fYffl]!K]ad]fkl]af]+!kaf\!af!\]j!QYZ]dd]!0!rmkYee]f_]kl]ddl-

Ba]!TajckYec]al!ngf!Fgh^]fhjg\mcl]f!_]_]f!l`]jegh`ad]!Kad[`,

k� mj]Zad\f]j!Z]a!\]j!Vm[c]j_]oaffmf_!omj\]+!oa]!]af_Yf_k!Z]j]alk!

]jo� `fl+!0882!]fl\][cl-!0883!omj\]!eal!kqkl]eYlak[`]f!S]jkm[`]f!

ae!JYZgjeY� klYZ!Z]_gff]f+!ogZ]a!]af]!]af^Y[`]+! YZ]j!k]`j! ]^^a,

ra]fl]!S]jkm[`kYfgj\fmf_+! \]j! kg! _]fYffl]!Id]af^]je]fl]j+! rme!

CafkYlr!cYe!'?ZZ-!1(-

Ba]k]!S]jkm[`kYfgj\fmf_!Z]kl]`l!Ymk!]af]e!l]eh]ja]j,!mf\!j� `j,

ZYj]f!EdYk_]^� � !eal!hF,T]jl,O]_aklja]jmf_-!@]gZY[`l]l!oaj\!\Y,

Z]a!\]j!S]jdYm^!\]k!hF,T]jlk!fY[`!@]aeh^]f!\]k!^d� kka_]f!L� `j,

e]\amek+! e]akl! eal! Og`kY^l! '^jak[`! g\]j! fY[`! E]^ja]jdY_]jmf_(!

Zro-! fY[`! VmkYlr! \]j! rm! l]kl]f\]f! PmZklYfr-! Ba]! hgjlagfko]ak]!

Vm_YZ]! \]j! rm! l]kl]f\]f! PmZklYfr! d� kkl! \YZ]a! O� [ck[`d� kk]! Ym^!

\a]!eafaeYd!oajckYe]!Igfr]fljYlagf]f!rm-!Caf]!o]al]j]!oa[`la_]!

?mkkY_]!cYff!Ymk!\]j!J� f_]!\]j!N`Yk]+!af!\]j!]k!rm!c]af]e!o]a,

l]j]f!hF,T]jl,?Z^Ydd!cgeel+!_]rg_]f!o]j\]f-

Kal!\a]k]j!]af^Y[`]f!S]jkm[`kYfgj\fmf_+!\a]!k]al!\]f!]jkl]f!S]j,

km[`]f! hjYclak[`! mfn]j� f\]jl! Zda]Z+! omj\]f! ae! Njafrah! Ydd]! o],

k]flda[`]f!S]jkm[`]!\mj[`_]^� `jl9!Z]_aff]f\!eal!]jkl]f!Q]klk!eal!

n]jk[`a]\]f]f!Fgh^]fhjg\mcl]f!0883!Zak!`af!rm!Plm\a]f!rmj!Taj,

cmf_ko]ak]! \]j! Njg\mcl]+! \a]! 1//2! k]`j! afl]j]kkYfl]! Cj_]Zfakk]!

da]^]jl]f-

FYmhlhjgZd]e!af!\]j! ^j� `]f!Cfloa[cdmf_kh`Yk]!oYj!]k+!]af!Njg,

\mcl!rm!^af\]f+!\Yk!kgog`d!oajckYe!Ydk!Ym[`!hj]ako]jl!akl-!Ba]!ngf!

@]_aff! Yf! _ml]! VmkYee]fYjZ]al!eal! \]j!Fgh^]faf\mklja]! ^� `jl]!

\Yrm+!\Ykk!\a]!?mlgj]f!Ym^!\]f!kg!_]fYffl]f!@Yk]]pljYcl!Ym^e]jc,

kYe!_]eY[`l!omj\]f-!BYZ]a!`Yf\]dl!]k!ka[`!me!]af!L]Z]fhjg\mcl+!

\Yk!Z]a!\]j!F]jkl]ddmf_!ngf!Gkg]pljYcl!s!]af]e!d� kda[`]f!Fgh^]f,

hjg\mcl+! \Yk! \]e! ^]jla_]f! @a]j! rmj! PlYf\Yj\aka]jmf_! \]k! @all]j,

_]k[`eY[ck!rm_]k]lrl!o]j\]f!cYff!s!Yf^� ddl-!@Yk]]pljYcl!akl!]af]!

`g[`nakcgk]+! \mfc]d_j� f]! cd]Zja_]! NYkl]!eal! ]af]e!#,P� mj]f_],

`Ydl!ngf![Y-!4/!$+!\a]!]af]f!mfYf_]f]`e]f!E]jm[`!Ym^o]akl-!Kal!

\a]k]e!Njg\mcl!omj\]f!ae!T]jc!Qmddf!af!\]j!IYehY_f]!0883!]jk,

l]!_jg� l][`fak[`]!S]jkm[`]!\mj[`_]^� `jl!'Cj_]Zfakk]!k-!?ZZ-!2(-

@Yk]]pljYcl!omj\]!Yf^� f_da[`!Ydk!Ydcg`gdak[`]!J� kmf_!g\]j!af!_],

k[`egdr]f]j! Dgje! ]af_]k]lrl+! kh� l]j! omj\]f! Ym[`!S]jkm[`]!eal!

Cemdkagf]f!\mj[`_]^� `jl-!Gf!?ZZad\mf_!2!akl!\a]!?mkoajcmf_!]af]j!

cgflafma]jda[`]f!Bgka]jmf_!� Z]j!3!`!Ym^!\]f!Og`kY^l,Kad[`k� mj],

_]`Ydl!\Yj_]kl]ddl-!B]j!Caf^dmkk!Ym^!\]f!Kad[`k� mj]_]`Ydl! akl!]af,

\]mla_!_]_]Z]f-

?f!\a]k]j!Pl]dd]!emkk!]jo� `fl!o]j\]f+!\Ykk!af!\]f!� kl]jj]a[`ak[`]f!

T]jc]f!Ym^!Ejmf\!\]j!ngj`Yf\]f]f!Nj]kk]f,!mf\!Qjg[cfmf_kcY,

hYral� l!]af!Kad[`k� mj]_]`Ydl! ae!Og`kY^l!ngf!2//s3//!e_.c_!rm,

7KI&!*2! Cimahe]fl!^gj!dYZgjYlgjq!ljaYdk9!ueafa!^]je]fl]jv!

3DD&!*2!S]jkm[`kYfgj\fmf_!^� j!JYZgjn]jkm[`]9!tId]af^]je]fl]ju

7KI&!+2! O]kmdlk!g^!l`]!^ajkl!^mdd,k[Yd]!ljaYd!oal`!`gh!#,Y[a\k

3DD&!+2!Cj_]Zfakk]!\]k!]jkl]f!_jg� l][`fak[`]f!S]jkm[`k!eal!Fgh,

^]f,#,P� mj]f
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Q`]!f]pl!lYkc!oYk!lg!^af\!Yf!ghlaeYd!oYq!g^!afb][lagf!g^!l`]!ZY[l],

jagklYl!af!gj\]j!lg!Y[`a]n]!Z]kl!h]j^gjeYf[]!g^!l`]!Y[lan]!kmZklYf[]-!

Gf! l`ak![Yk]!eYfq!\]_j]]k!g^!^j]]\ge!f]]\!lg!Z]![gfka\]j]\9! l`]!

f][]kkYjq!Yegmfl!g^!Y[lan]!kmZklYf[]+!l`]!lqh]!g^!afb][lagf!'[gf,

lafmgmk!gj!k`g[c!\gkaf_(+!l`]!dg[Ylagf!g^!afb][lagf!'[gmfl]j[mjj]fl!

eap]j!gj!]pljY[lagf!lgo]j!s!ea\,lgo]j!gj!dgo]j!hYjl!g^!l`]!lgo]j(!

Yf\! ^afYddq! l`]! [`ga[]! g^! afb][lagf! kqkl]e-! QjaYdk! g^! Yf! ghlaeYd!

e]l`g\! g^! afb][lagf! klYjl]\! af! 0884! 'QYZd]! 0(-! Bmjaf_! l`]! q]Yjk!

mk]^md!af^gjeYlagf!`Yk!Z]]f!gZlYaf]\!af!l`ak!^a]d\!o`]j]Yk!l`]j]!ak!

kladd!hgl]flaYd!^gj!kmZklYflaYd!aehjgn]e]flk!\m]!lg!\an]jk]!l][`fa[Yd!

\]lYadk!Yf\!j]_agfYd!\aklaf[lagfk!g^!af\ana\mYd!^Y[lgjq!dg[Ylagfk-

Rf\]j!l`]![aj[meklYf[]k!g^!l`]!Qmddf!̂ Y[lgjq!'2![gmfl]j[mjj]fl!eap,

]jk+!gf]!]pljY[lagf!lgo]j(!al!oYk!Ykk]jl]\!l`Yl!k`g[c!\gkaf_!af!^gmj!

`gmjdq!afl]jnYdk!naY!Y!ea\,lgo]j!dg[Yl]\!!afb][lagf!kqkl]e!oYk!egkl!

]^^][lan]-!?hhda]\! [gf[]fljYlagfk! g^! l`]! Y[lan]! kmZklYf[]! jYf_]\!

^jge!2s4!e_.c_+![Yd[mdYl]\!gf!l`]!\Yadq!Z]]l!hjg[]kkaf_![YhY[alq-!

Da_mj]!3!k`gok!Y!\gkaf_,k[`]e]!oal`!Yf!afklYddYlagf!^gj!hj]hYjY,

lagf!g^!ZYk]]pljY[l!Yf\!oal`!log!afb][lagf!ghlagfk!aflg!l`]!]pljY[,

lagf!lgo]j!Yk!mk]\!af!l`]!Qmddf!^Y[lgjq!Yl!l`]!]f\!g^!l`]!088/k-

Da_mj]!3!k`gok!l`]!]Yjdq!klYf\Yj\!]imahe]fl!^gj!]pljY[lagf!lgo]jk!

[gfkaklaf_!g^!gf]!dYf[]!oal`!2!n]flk!Yf\!Z]dgo!Yf!afb][lagf!kqkl]e!

o`a[`!oYk!\]n]dgh]\!Yl!Vm[c]j^gjk[`mf_!Qmddf! 'VDQ(+!]imahh]\!

oal`!l`j]]!dYf[]k!nYjqaf_!af!l`]aj!d]f_l`-

N]jag\a[Yd! k`a^laf_! g^! l`j]]! eY_f]la[! nYdn]k! ]fkmj]k! l`Yl! l`]! af,

b][l]\!hjg\m[lk!Yj]!\akljaZml]\!gn]j!l`]!o`gd]![jgkk!k][lagf!g^!l`]!

]pljY[lagf!lgo]j-!Q`]!aeY_]!af!Da_mj]!3!'ja_`l(!k`gok!l`ak!f]o!kqk,

l]e-!Q`]!kg,[Ydd]\!Y[[mjYl],\gkaf_,kqkl]e!n]jq!ima[cdq!hjgn]\!alk!

Y\nYflY_]k!gn]j!l`]![gfn]flagfYd!kqkl]e-

_]dYkk]f!o]j\]f!emkk+!me!Z]a!`g`]j!S]j,

YjZ]almf_kd]aklmf_! \a]! Ph]ra^acYlagf]f! ^� j!

\a]!Qjg[c]fk[`falr]d!]af`Ydl]f!rm!c� ff]f-!

Ba]k!]j^gj\]jl!Z]a!S]jkm[`]f!eal!Njg\mcl]f!

mfZ]cYffl]j! TajckYec]al! ]af]! Z]kgf\]jk!

ngjka[`la_]!Sgj_Yf_ko]ak]-

Ba]!f� [`kl]!?m^_YZ]!Z]klYf\! af! ]af]j! gh,

laeYd]f!CafZjaf_mf_!\]k!Njg\mclk+!me!\a]!

Z]kle� _da[`]! Tajcmf_! rm! ]jra]d]f-! Fa]j!

_aZl!]k!]af]!_jg� ]!VY`d!ngf!Dj]a`]alk_jY\]f9!

fglo]f\a_]! K]f_]! Yf! Tajcklg^^+! ?jl! \]j!

Bgka]jmf_!'cgflafma]jda[`!g\]j!klg� o]ak](+!

\a]! Bgka]jkl]dd]! 'E]_]fkljge,P[`falr]d,

eYak[`]!g\]j!CpljYclagfklmje!Zro-!Pl]dd]f!

ae!CpljYclagfklmje(!mf\!d]lrlda[`!Ym[`!\Yk!

ACDMG!*2!Bak[gn]jq!g^!nYjagmk!^a]d\k!g^!Yhhda[Ylagf!^gj!`gh!#,

Y[a\k

ACD!*2!Cfl\][cmf_!n]jk[`a]\]f]j!CafkYlr_]Za]l]!^� j!Fgh^]f,

#,P� mj]f

! Pm[[]kk^md!kmhhj]kkagf!g^9!.!Cj^gd_j]a[`]!@]c�eh^mf_!ngf9!

0884! Laljal]!^gjeYlagf!af!agf!]p[`Yf_]jk
! LaljalZad\mf_!af!Ggf]fYmklYmk[`]jf!'J]ghgd\k\gj^(

0885! EYk!^gjeYlagf!af!]pljY[lagf!hdYflk
! EYkZad\mf_!ae!CpljYclagfkZ]j]a[`!'Qmddf(
!
0887! hF!nYdm],\jgh!af!klgj]\!l`a[c!bma[]!'hadgl!ljaYd(
! hF,T]jl,?Z^Ydd!af!JY_]j\a[ckY^l!'Nadgln]jkm[`(

0887! @mlqja[!Y[a\!.!F
1
!^gjeYlagf!af!hj]kk!oYl]j![aj[mal!

! @mll]jk� mj],!.!F
1
,@ad\mf_!ae!Nj]kkoYkk]jcj]akdYm^!'Fg`]fYm(

0888! B]pljYf!^gjeYlagf!af!l`]![gd\!jYo!bma[]!Yj]Y
! B]pljYfZad\mf_!ae!cYdl]f!Og`kY^lZ]j]a[`!'FjmkgnYfq(

7KI&!,2!Gfb][lagf!kqkl]ek!^gj!]pljY[lagf!lgo]jk

3DD&!,2!Cafkh]ak]kqkl]e]!^� j!CpljYclagfkl� je]

Cafkh]ak]kqkl]e-! S]jkm[`]! rmj! ghlaeYd]f! CafZjaf_mf_! \]k! Njg,

\mclk!Z]_Yff]f!0884!'QYZ-!0(-!T]ff_d]a[`!af!\a]k]e!@]j]a[`!na]d]!

]flk[`]a\]f\]!Cjc]fflfakk]!_]ogff]f!o]j\]f!cgffl]f!W0/X+!cYff!

Ym^!Ejmf\!\]j!D� dd]!Yf!rm!Z]j� [cka[`la_]f\]f!l][`fak[`]f!B]lYadk!

mf\!@]kgf\]j`]al]f!]afr]df]j!DYZjacklYf\gjl]!\mj[`Ymk!eal!o]a,

l]j]f!kmZklYfra]dd]f!S]jZ]kk]jmf_]f!_]j][`f]l!o]j\]f-

D� j!\a]!S]j`� dlfakk]!ae!T]jc!Qmddf!'2!E]_]fkljge,P[`falr]deYa,

k[`]f+! ]af! CpljYclagfklmje(! omj\]! ^]kl_]kl]ddl+! \Ykk! Plg� \gka],

jmf_]f! ae!?ZklYf\! ngf! 3! `! � Z]j! ]af]!Bgka]jkl]dd]! ae!ealld]j]f!

QmjeZ]j]a[`! Ye! ]^^]clankl]f! kaf\-! Ba]! ]af_]k]lrl]f! K]f_]f! Yf!

Tajcklg^^! dY_]f!\YZ]a! ae!@]j]a[`!ngf!2s4!e_.c_+!Z]j][`f]l! Ym^!

\a]!l� _da[`]!O� Z]fn]jYjZ]almf_-

@]kgf\]jk!oa[`la_!k[`a]f!\a]!?jl!\]j!CafZjaf_mf_!rm!k]af-!?ZZad,

\mf_!3!r]a_l!]af!P[`]eY!\]j!Bgka]jmf_+!eal!]af]j!?m^Z]j]almf_k,

YfdY_]!^� j!@Yk]]pljYcl!mf\!eal!ro]a!Cafkh]akmf_ke� _da[`c]al]f!af!

\]f!CpljYclagfklmje+!oa]!ka]!Cf\]!\]j!088/]j!HY`j]!ae!T]jc!Qmddf!

]af_]k]lrl!omj\]f-

Gf!\]j!?ZZad\mf_!akl!]af]jk]alk!\a]!^j� `]j]!PlYf\Yj\Ymkj� klmf_!ngf!

CpljYclagfkl� je]f+!Z]kl]`]f\!Ymk!]af]j!JYfr]!eal!\j]a!~^^fmf_]f+!

mf\!\Yjmfl]j!\Yk!af!\]j!Vm[c]j^gjk[`mf_!Qmddf!E]k-e-Z-F-!'VDQ(!

]floa[c]dl]!CafZjaf_kqkl]e!W0X!eal!\j]a!n]jk[`a]\]f!dYf_]f!JYf,

r]f!\Yj_]kl]ddl-!Bmj[`!h]jag\ak[`]k!Rek[`Ydl]f!ngf!\j]a!KY_f]l,

n]flad]f!oaj\!Z]a!\a]k]e!Pqkl]e!ka[`]j_]kl]ddl+!\Ykk!\a]!Njg\mcl]!

_d]a[`e� � a_! � Z]j!\]f!_]kYel]f!Qmjeim]jk[`fall! n]jl]adl!o]j\]f!

'?ZZ-! 3+! j][`l]!P]al](-! @Yd\! cgffl]! _]r]a_l! o]j\]f+! \Ykk! \Yk! kg!

_]fYffl]!CpYcl,Bgka]jkqkl]e!]af\]mla_]!Sgjl]ad]!_]_]f� Z]j!\]e!

`]jc� eeda[`]f!Pqkl]e!`Yll]-

Ba]!hjafraha]dd!Z]cYffl]!QYlkY[`]+!\Ykk!klg� o]ak]!Bgka]jmf_]f!eal!

cmjr^jakla_!`g`]f!dgcYd]f!Igfr]fljYlagf]f!oajckYe]j!kaf\!Ydk!cgf,

lafma]jda[`]!Bgka]jmf_]f+!cgffl]f!Z]a!S]jkm[`]f!ae!T]jc!Fg`]f,

7KI&!-2! Cph]ja]f[]k!oal`!Y[lan]!kmZklYf[]!afb][lagf!'Fg`]fYm(

3DD&!-2!Cjc]fflfakk]!Z]a!\]j!Tajcklg^^]afZjaf_mf_!'Fg`]fYm(
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Gf!hjaf[ahd]!al!ak!Y!o]dd!cfgof!^Y[l!l`Yl!k`g[c!\gkaf_!oal`!alk!`a_`!

[gf[]fljYlagfk!af!l`]!k`gjl,l]je!ak!em[`!egj]!]^^][lan]!l`Yf![gf,

lafmgmk!\gkaf_9!l`ak!oYk!Y_Yaf!\]egfkljYl]\!n]jq!aehj]kkan]dq!\mj,

af_!ljaYdk!af!l`]!Fg`]fYm!^Y[lgjq!'Da_-!4(-

?k!gf]![Yf!k]]!^jge!Da_mj]!4!Yf!Y[[gj\af_!]^^][l!oYk!fgl!Y[`a]n]\!

mflad! l`]! hmeh! [YhY[alq! `Y\! Z]]f! af[j]Yk]\! 'j]hdY[]e]fl! g^! l`]!

hmeh(-!Q`]!̂ Ykl]j!l`]!hjg\m[l![Yf!Z]!afb][l]\!l`]!̀ a_`]j!ak!l`]!k`gjl,

lae]![gf[]fljYlagf!Yf\!l`]!Z]ll]j!l`]!]^^][l-!Dmjl`]jegj]!\gkY_]k!

aflg!Yf!]pljY[lagf!hdYfl!Yk!k`gof!'gf]![gmfl]j[mjj]fl!eap]j+!gf]!

]pljY[lagf!lgo]j(!_Yn]!Z]kl!j]kmdlk!o`]f!afb][l]\!aflg!ea\,lgo]j-

MZk]jnYlagfk!YZgml!\an]jk]!^a]d\k!g^!Yhhda[Ylagf!nYja]\!Yk!\a\!l`]!

j]kmdlk![gf[]jfaf_!l`]!Yhhda[Ylagf!l][`faim]-!QYZd]!1!_an]k!Yf!gn]j,

na]o!g^!nYjagmk!^a]d\k!g^!Yhhda[Ylagf!^gj!`gh!#,Y[a\k-

Mf]!g^!l`]!^ajkl![gf^ajeYlagf!e]kkY_]k!YZgml!km[[]kk^md!aehd]e]f,

lYlagf!g^!`gh!#,Y[a\k!gmlka\]!g^!l`]!]pljY[lagf!Yj]Y![Ye]!^jge!l`]!

J]ghgd\k\gj^!^Y[lgjq+!o`]j]!Y!faljal],^gjeaf_!af^][lagf!oal`af!l`]!

agf!]p[`Yf_]j!oYk!kmhhj]kk]\!km[[]kk^mddq!W00X-

?f!]^^][l! Y_Yafkl!_Yk,^gjeaf_!ZY[l]jaY!oal`af! l`]![gmfl]j[mjj]fl!

eap]j!`Yk!Z]]f!gZk]jn]\!af!Qmddf!Yk!o]dd-!Q`]!gh]jYlaf_![gf\alagfk!

o]j]!aehjgn]\!Zq!Y\\alagf!g^!fYlmjYd!YflaZY[l]jaYdk!lg!l`]![gkk]ll],

bma[]!eaplmj]!Yf\!l`]![gfkmehlagf!g^!Yfla^gYeaf_!Y_]flk!oYk!kmk,

lYafYZdq!j]\m[]\+!j]kh][lan]dq-

Gehj]kkan]!j]kmdlk!o]j]!Ydkg!Y[`a]n]\!af!l`a[c!bma[]!klgjY_]-!Dgj,

eYlagf!g^!afn]jl!km_Yj!Yf\!Y!\jgh!af!hF!nYdm]!o]j]!fglYZdq!j]lYj\]\!

Yf\!l`]!]^^][lan]f]kk!Y_Yafkl!e]kgh`ada[!ZY[l]jaY!oYk!gZk]jn]\!^gj!

l`]!^ajkl!lae]!W01X-

Gf! l`]! Fg`]fYm! ^Y[lgjq+! `q\jg_]f! ^gjeYlagf! kl]eeaf_! ^jge!

6QTWXVOJOG! af^][lagf!oYk! kmhhj]kk]\!Zq!\gkY_]!g^!`gh!#,Y[a\k!Yl!

l`]! `]Y\! g^! l`]! ]pljY[lagf! lgo]j-! Agflafmgmk! afb][lagf! g^! keYdd!

Yegmflk!`Y\!fg!f]_Ylan]! af^dm]f[]!gf! l`]!hj]kkYZadalq!g^! l`]!]p,

`Ymkl]\![gkk]ll]k!W02X-

Kgj]gn]j! af! l`]! Ar][`! km_Yj! ^Y[lgjq! Yl! FjmkgnYfq! Yf! af^][lagf!

oal`!?KYITSTWXTI!ZY[l]jaY!af!l`]!hj],daeaf_!ljgm_`!oYk!kmhhj]kk]\!

km[[]kk^mddq! W4X-! O]h]Yl]\! j]hgjlaf_! gf! l`]! ]^^][lan]f]kk! g^! `gh!

#,Y[a\!Y_Yafkl!e]kgh`ada[!ZY[l]jaY!]n]flmYddq!d]\!lg!kqkl]eYla[!af,

n]kla_Ylagfk!'k]]!k][lagf!5(-

?fgl`]j!ead]klgf]![gfkakl]\!af!l`]!^gmf\Ylagf!g^!Y!kmZka\aYjq![ge,

hYfq!'@]lYQ][+!Fgh!Njg\m[lk(!Zq!Y!j]fgof]\!`gh![gehYfq-!Tal`!

l`ak![gehYfqxk!ZjgY\!]ph]ja]f[]!oal`af!l`]!`gh!Zmkaf]kk!Y!hjg\m[l!

oYk!\]n]dgh]\!o`a[`![Yf!Z]!]Ykadq!\gk]\!Yf\!Yhhda]\-!Q`ak!hjg\,

m[l+! Yf! YdcYdaf]! kgdmlagf! oal`! Y! `gh! #,Y[a\! [gfl]fl! g^! 0/$! oYk!

fYe]\! @]lYPlYZz0/?-! Q`ak! hjg\m[l! j]hj]k]flk! l`]! ZYkak! ^gj! l`]!

[gee]j[aYd!km[[]kk!g^!`ghk!af!l`]!km_Yj!af\mkljq-

?k!]Yjdq!Yk!0884!Y!hYl]fl!`Y\!Z]]f!^ad]\!Zq!Vm[c]j^gjk[`mf_!Qmddf!

E]k-e-Z-F-!'VDQ(!oal`! l`]!lald]9!?hhda[Ylagf!g^!`gh!hjg\m[lk! ^gj!

af`aZalagf!g^!l`]jegh`ada[!ea[jggj_Yfakek!af!l`]!hj]k]f[]!g^!km_Yj!

[gflYafaf_!Yim]gmk!e]\aY!W03X-

F]f[]! [dgk]! [ggh]jYlagf! [gflafm]\9! hjg\m[lagf! g^! l`]! kgdmlagf+!

eYjc]laf_!Yf\!kYd]k!Yk!o]dd!Yk!gf,kal]!mk]j![gfkmdlaf_!oYk![Yjja]\!

gml!Zq!h]jkgff]d!g^!l`]!`gh![gehYfq-!Mf!l`]!hYjl!g^!VDQ!cfgo,

`go!oYk!hYkk]\!gf!Yf\!ljYafaf_!af!km_Yj!l][`fgdg_q!^gj!]ehdgq]]k!

o]j]!`]d\-!Gf! l`]!e]Yflae]!l`]!hjg\m[l!`Yk!Z]]f!kgd\!af!nYjagmk!

[gmflja]k!af!Cmjgh]+!RP?!Yf\!HYhYf-

Q`jgm_`!_gg\![ggh]jYlagf!af!l`]!YfYdqla[Yd!k][lgj!al!oYk!hgkkaZd]!

lg!k`go!j]dYlan]dq! jYha\dq! l`Yl!`gh!j]ka\m]k! af!km_Yj!o]j]!Z]dgo!

k]fkgjq!j][g_falagf!W04X-!Bmjaf_!Yfgl`]j!klm\q!af!1//4!l`]k]!]Yj,

da]j!^af\af_k!o]j]![gf^aje]\!'k]]!k][lagf!3+!QYZd]!5(-

Ym!fg[`eYdk!]af\jm[ckngdd!\]egfklja]jl!o]j\]f!'?ZZ-!4(-

Ta]!Ymk!?ZZad\mf_!4!rm!]jc]ff]f!akl+!cgffl]!]jkl!fY[`!Pl]a_]jmf_!

\]j! Nmeh]fd]aklmf_! '?mklYmk[`! \]j! Bgka]jhmeh](! ]af]! ]flkhj],

[`]f\]!Tajcmf_! ]jra]dl! o]j\]f-! H]! k[`f]dd]j! \Yk! Njg\mcl! ]af_],

ZjY[`l!o]j\]f!cYff+!\]klg!`� `]j!akl!cmjr^jakla_!\a]!Igfr]fljYlagf!

mf\!me!kg!Z]kk]j! akl!Ym[`!\a]!Tajcmf_-!?mk!\]j!?ZZad\mf_!4!akl!

\Yj� Z]j!`afYmk!]jka[`lda[`+!\Ykk!Ym[`!ae!DYdd]!\a]k]j!CpljYclagfk,

YfdY_]! ']af]!KYak[`]+! ]af!CpljYclagfklmje(!Bgka]jmf_]f! ae!@],

j]a[`!Qmjeeall]!]af]f!_j� � ]j]f!C^^]cl!r]a_]f-

}`fda[`! na]d^� dla_! oa]! \a]! Cjc]fflfakk]! rmj!?fo]f\mf_kl][`fac!

oYj]f! Ym[`! @]gZY[`lmf_]f! rm! n]jk[`a]\]f]f! CafkYlre� _da[`,

c]al]f-!QYZ]dd]!1!_aZl!]af]f!�Z]jZda[c!� Z]j!n]jk[`a]\]f]!CafkYlr,

_]Za]l]!ngf!Fgh^]f,#,P� mj]f-

Caf]! \]j! ]jkl]f! Cj^gd_ke]d\mf_]f! Ym� ]j`YdZ! \]k! CpljYclagfkZ],

j]a[`k! cYe! Ymk! \]e! T]jc! J]ghgd\k\gj^+! og! ]af]! faljalZad\]f\]!

Gf^]clagf! ae!@]j]a[`! \]j! Ggf]fYmklYmk[`]j! ]j^gd_j]a[`! Z]c�eh^l!

o]j\]f!cgffl]!W00X-

Caf]! Tajcmf_! _]_]f! _YkZad\]f\]! Kacjggj_Yfake]f! ae! @]j]a[`!

\]j!E]_]fkljge,P[`falr]deYak[`]!omj\]!af!Qmddf!Z]gZY[`l]l-!Ba]!

KYak[`YjZ]al! cgffl]! \mj[`! Bgka]jmf_]f! afk! P[`falr]d,PY^l,E],

eak[`! n]jZ]kk]jl! mf\! \]j!S]jZjYm[`! Yf! P[`Yme\�eh^mf_keall]d!

_]k]fcl!o]j\]f-!

Gfl]j]kkYfl]!Cj_]Zfakk]!omj\]f!Ym[`!Z]a!\]j!Ba[ckY^ldY_]jmf_!_],

^mf\]f9!Gfn]jlrm[c]jZad\mf_!mf\!hF,T]jl,?Z^Ydd!af!la]^]j]f!Ba[c,

kY^lk[`a[`l]f!cgffl]f!\]mlda[`!n]jr� _]jl!mf\!\Y\mj[`!]jkleYdk!]af]!

TajckYec]al!_]_]f!e]kgh`ad]!Kacjggj_Yfake]f!Z]gZY[`l]l!o]j,

\]f!W01X-!

Ge!T]jc!Fg`]fYm!_]dYf_!]k!\mj[`!cgflafma]jda[`]!Bgka]jmf_!ngf!

j]dYlan!_]jaf_]f!K]f_]f!Fgh^]f,#,P� mj]f!]af]!Adgklja\a]f,Gf^]c,

lagf! ae! gZ]j]f! QmjeZ]j]a[`! mf\! \a]! \Yeal! n]jZmf\]f]! TYkk]j,

klg^^Zad\mf_!rm!mfl]j\j� [c]f-!Bmj[`!\a]!_]jaf_]f!K]f_]f!mf\!\a]!

cgflafma]jda[`]!Bgka]jmf_!omj\]!\a]!Kad[`k� mj]Zad\mf_!mf\!\Yeal!

\a]!?Zhj]kkZYjc]al!\]j!CpljYclagfkj� [ckl� f\]!fa[`l!f]_Ylan!Z]]af,

^dmkkl!W02X-

Ge!lk[`][`ak[`]f!T]jc!FjmkgnYfq!k[`da]� da[`!cgffl]!]af]!?KYIT'

STWXTI,Gf^]clagf!ae!@]j]a[`!\]j!cYdl]f!SgjcYdcmf_!]j^gd_j]a[`!Z],

c�eh^l!o]j\]f!W4X-!Ba]k]!]jf]ml]!@]gZY[`lmf_!]af]j!]j^gd_j]a[`]f!

?fo]f\mf_! ae! @]j]a[`! e]kgh`ad]j! Kacjggj_Yfake]f! ^� `jl]! af!

o]al]j]j!Dgd_]!rm!kqkl]eYlak[`]f!Rfl]jkm[`mf_]f!'ka]`]!?Zk-!5(-!

Caf!K]ad]fkl]af!oYj!0886!\a]!Ej� f\mf_!]af]j!Qg[`l]j^ajeY!'@],

lYQ][+!Fgh!Njg\m[lk(!\mj[`!]af]!j]fgeea]jl]!DajeY!\]j!Fgh^]f,

ZjYf[`]-!Rfl]j!?mkfmlrmf_!\]j!ngj`Yf\]f]f!Cj^Y`jmf_]f!Ym^!\]e!

Fgh^]fk]clgj!omj\]!]af!]af^Y[`!mf\!Z]im]e!Yfrmo]f\]f\]k!Njg,

\mcl+! ]af]! YdcYdak[`]! J� kmf_! eal! ]af]e! Fgh^]f,#,P� mj],E]`Ydl!

ngf![Y-!0/!$!'@]lYPlYZ!0/?(!]floa[c]dl+!\a]!Ydk!Ejmf\dY_]!^� j!\]f!

cgee]jra]dd]f! Cj^gd_! Yf_]k]`]f! o]j\]f! cYff-! D� j! \]f! CafkYlr!

ngf!Fgh^]fhjg\mcl]f!rmj!F]eemf_!ngf!l`]jegh`ad]f!Kacjggj,

_Yfake]f! af! E]_]foYjl! rm[c]j`Ydla_]j! o� kkja_]j!K]\a]f! omj\]!

\]j!VDQ!Z]j]alk!0884!]af!NYl]fl!]jl]adl!W03X-

Gf! \]j! Dgd_]! cYe! ]k! rm! ]af]j! k]`j! ]j^gd_j]a[`]f!?jZ]alkl]admf_-!

Njg\mclagf! \]j! J� kmf_+! KYjc]laf_! mf\! S]jcYm^! kgoa]! \a]! ?f,

o]f\mf_kZ]jYlmf_!ngj!Mjl!� Z]jfY`e]f!\a]!KalYjZ]al]j!\]j!DajeY!

@]lYQ][-!P]al]fk!\]j!VDQ!omj\]!\Yk!Zak`]j!]jYjZ]al]l]!Ifgo,`go!

o]al]j_]_]Z]f!kgoa]!\a]!rm[c]jl][`fgdg_ak[`]!P[`mdmf_!\]j!Kal,

YjZ]al]j!\mj[`_]^� `jl-!Rfl]j\]kk]f!oaj\!\Yk!Njg\mcl! af!n]jk[`a],

\]f]f!J� f\]jf!CmjghYk+!af!\]f!RP?!mf\!HYhYf!n]jeYjcl]l-

B]j!_ml]f!VmkYee]fYjZ]al!Ym^!\]e!YfYdqlak[`]f!P]clgj!oYj!]k!rm!

n]j\Yfc]f+!\Ykk!j]dYlan!jYk[`!_]r]a_l!o]j\]f!cgffl]+!\Ykk!\a]! ae!

Vm[c]j!n]jZd]aZ]f\]f!Fgh^]fe]f_]f!k]`j!_]jaf_!mf\!k]fkgjak[`!

mfZ]\]ml]f\! kaf\! W04X-! @]a! ]af]j! 1//4! fg[`eYdk! af!?m^ljY_! _],

_]Z]f]f!Plm\a]!cgffl]f!\a]k]!^j� `]f!Cj_]Zfakk]!]afeYd!e]`j!ae!

ngdd]f!Re^Yf_!Z]kl� la_l!o]j\]f!'k-!?Zk-!3+!QYZ-!5(-
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2! ?PTKO!CEKFT

Fgo]n]j+!l`]!Yhhda[Ylagf!g^!`gh!#,Y[a\k!af!l`]!km_Yj!af\mkljq!oYk!

Ydkg! Y[[gehYfa]\! Zq! mfkm[[]kk^md! ]ph]ja]f[]k-! NYjla[mdYjdq! \mj,

af_!dgf_]j!h]jag\k!g^!Yhhda[Ylagf+!ea[jggj_Yfakek!o]j]![YhYZd]!g^!

Y\Yhlaf_!lg!l`]!]^^][lan]!kmZklYf[]!Yf\!`a_`]j![gf[]fljYlagfk!`Y\!

lg!Z]!mk]\! lg!Y[`a]n]!]imYd!]^^][lk-!Q`ak! ^Y[l! lja__]j]\!]^^gjlk! lg!

\ak[gn]j!Yfgl`]j+!]Ykadq!eYfY_]YZd]!hjg\m[l!oal`!Y!kaeadYj!\]^afal]!

hgkalan]!aeY_]-!Bm]!lg!YfYdg_m]![gf[dmkagfk!lj]]!jgkafk!o]j]!kggf!

j][]anaf_!Y!_j]Yl!\]Yd!g^!Yll]flagf+!hYjla[mdYjdq!haf]!_me!kl]eeaf_!

^jge!l`]!?d]hhg,haf]+!o`gk]!_mek!`Yn]!Z]]f!mk]\!^gj!egj]!l`Yf!

1///! q]Yjk! ^gj! [gfk]jnYlagf! hmjhgk]k! af! l`]! Ej]]c! oaf]! fYe]\!

O]lkafY-!Q`ak!ljY\alagfYd!hj]k]jnYlagf,l][`faim]!]n]f!lghk!l`]!dgf_!

`aklgjq!g^!`ghh]\!Z]]j-!QYZd]!2!_an]k!Yf!gn]jna]o!g^![jala[Yd!hjg,

_j]kkagf! kl]hk! af! [gff][lagf! oal`! l`]! \]n]dghe]fl! g^! Y! k][gf\!

hjg\m[l-

Paf[]!l`]!YfYdg_m]![gf[dmkagf!^jge!`gh!#,Y[a\k! lg!ujgkaf!Y[a\kv!

'gj!uj]kaf!Y[a\kv(!oYk!jYl`]j![dgk]+!^mjl`]j!hjg_j]kk!lg!_Yaf!Y!k][,

gf\!hjg\m[l!\]h]f\]\!egj]!gf![`][caf_!gml!l`]!a\]Y!l`gjgm_`dq!

Yf\!^adaf_!Y!hYl]fl-!?k!gf]![Yf!k]]!^jge!QYZd]!2!Ydegkl!Ydd!aehgj,

lYfl!ead]klgf]k!g[[mjj]\!\mjaf_!l`]!q]Yj!1///!Z]_affaf_!oal`!l`]!

^ajkl! dYZgjYlgjq! ljaYdk!oal`!Ej]]c!haf]!_mek+!]klYZdak`af_![gflY[l!

oal`!?mkljaYf!jgkaf!^Yje]jk!Yf\!afn]kla_Ylagfk!g^!jgkafk!^jge!\a^,

^]j]fl!gja_afk!d]Y\af_!lg!l`]!^ajkl!ljaYdk!gf!Y!l][`fa[Yd!k[Yd]-!Cph]ja,

]f[]k! ^jge! ljaYdk!oal`!`gh!hjg\m[lk!o]j]!eYafdq! j]khgfkaZd]! ^gj!

l`ak!ima[c!hjg_j]kk-!Q`]!_gg\!]^^][lan]f]kk!g^!jgkaf!hjg\m[lk!oYk!

n]jq!kggf![gf^aje]\!oal`!l`]!YnYadYZd]!dYZgjYlgjq!]imahe]fl-!Dmj,

l`]jegj]!al!oYk!^a_mj]\!gml!l`Yl!l`]!]^^][lan]f]kk![ge]k!^jge!jgkaf!

Y[a\k!s!YZa]la[!Y[a\+!alk!akge]jk!Yf\!\]`q\jg,YZa]la[!Y[a\+!j]kh][,

lan]dq!s!o`a[`!Yj]! dg[Yl]\!af![gdgh`gfq-!Agdgh`gfq!j]kmdlk!^jge!

l`]! \jq! \akladdYlagf! g^! jgkaf! af! o`a[`! ngdYlad]! lmjh]flaf]! gadk! Yj]!

k]hYjYl]\!'Da_-!5(-

Q`]!Ykka_fYlagf!g^!Y!hYl]fl!^gj!l`]!mk]!g^!jgkaf!Y[a\k!af!l`]!km_Yj!

af\mkljq!oYk!Ydkg!Y[`a]n]\!af!1///!W05X-!Dgj!ljaYdk!gf!Y!l][`fa[Yd!

k[Yd]!Y!kgYh!kgdmlagf!g^!jgkaf!Y[a\k!oYk!hjg\m[]\!o`a[`![gflYaf]\!

1/$!g^!l`]!]^^][lan]!kmZklYf[]-!Da_mj]!6!_an]k!Y!_gg\!afka_`l!aflg!

l`]k]! ^ajkl! ljaYdk! oal`! jgkaf! Y[a\k! af! l`]!Qmddf! ^Y[lgjq! \mjaf_! l`]!

1///![YehYa_f-

2! 9CS[T_ VSGO

B]j!CafkYlr!ngf!Fgh^]f,#,P� mj]f!oYj!b]\g[`!fa[`l!fmj!ngf!Cj^gd_!

Z]_d]al]l-!Sgj!Ydd]e!Z]a!d� f_]j]j!?fo]f\mf_!cYe!]k!r]alo]ak]!rm!

?\Yhlagfk]jk[`]afmf_]f! Z]a! \]f! Z]c�eh^l]f! Kacjggj_Yfake]f!

mf\!]k!emkkl]f!aee]j!`� `]j]!K]f_]f!rmj!Cjra]dmf_!\]j!_d]a[`]f!

Tajcmf_!]af_]k]lrl!o]j\]f-!Pg!omj\]!eal!\]j!Pm[`]!fY[`!]af]e!

o]al]j]f+! � `fda[`!`Yf\rm`YZ]f\]f!mf\!eal!hgkalan]e!GeY_]!n]j,

k]`]f]f!Njg\mcl!Z]_gff]f-!?m^!Ejmf\!ngf!?fYdg_a]k[`d� kk]f!^a]d!

\Yk!Gfl]j]kk]!j]dYlan!ZYd\!Ym^!@Yme`Yjr]+!ae!Ph]ra]dd]f!\Yk!FYjr!

\]j!?d]hhg,Nafa]+!\]kk]f!S]jo]f\mf_!rm!Igfk]jna]jmf_kro][c]f!

ae!_]`Yjrl]f!T]af+!\]e!_ja][`ak[`]f!O]lkafY+!_]k[`a[`lda[`!kg_Yj!

fg[`!o]al]j!rmj� [cj]a[`l!Ydk!\a]k!Z]a!Fgh^]faf`Ydlkklg^^]f!ae!@a]j!

\]j!DYdd!akl-

QYZ]dd]! 2! _aZl! ]af]f! �Z]jZda[c! � Z]j! o]k]flda[`]! Cfloa[cdmf_k,

k[`jall]! ae! VmkYee]f`Yf_! eal! \]j! Cfloa[cdmf_! ]af]k! ro]al]f!

Njg\mclk-

BY!\]j!?fYdg_a]k[`dmkk!ngf!Fgh^]f,#,P� mj]f!rm!FYjrk� mj]f!j]dY,

lan!fY`]!dY_+!cYe!]k!ae!DYdd]!\]k!ro]al]f!Njg\mclk!ngj!Ydd]e!\YjYm^!

Yf+!\a]! G\]]!e� _da[`kl! k[`f]dd!rm! � Z]jhj� ^]f!mf\!_]_]Z]f]f^Yddk!

]af]!NYl]flYfe]d\mf_!Yfrmklj]Z]f-!Ta]!Ymk!\]j!QYZ]dd]!2!]jka[`l,

da[`+!_]dYf_!]k!ae!HY`j!1///+!Ymk_]`]f\!ngf!]jkl]f!JYZgjl]klk!eal!

_ja][`ak[`]e!FYjr+!� Z]j!IgflYcl]!rm!`]aeak[`]f!N][`]jf!mf\!\]j!

Rfl]jkm[`mf_!ngf!FYjr]f!n]jk[`a]\]fkl]j!F]jcmf^l+!Zak!rm!]jkl]f!

_jg� l][`fak[`]f!S]jkm[`]f! rm! cgee]f-!BYZ]a! cYe]f! k]dZkln]j,

kl� f\da[`!\a]!Cj^Y`jmf_]f+!\a]!ae!OY`e]f!\]j!S]jkm[`]!eal!Fgh,

^]fhjg\mcl]f!]jra]dl!ogj\]f!oYj]f+!rme!QjY_]f-!Ba]!_ml]!Tajcmf_!

ngf!FYjrhjg\mcl]f!cgffl]!eal!\]j!ngj`Yf\]f]f!JYZgjYmkklYllmf_!

ZYd\!Z]kl� la_l!o]j\]f-!B]k!T]al]j]f!cgffl]!`]jYmk_]^mf\]f!o]j,

\]f+!\Ykk!\a]!Tajcmf_!ngf!\]f!FYjrk� mj]f!s!?Za]lafk� mj]+!\]j]f!

Gkge]j]!Zro-!B]`q\jgYZa]lafk� mj]!s!Ymk_]`l+!\a]!ae!Igdgh`gfame!

'\]e!O� [cklYf\!Ymk!\]j!ljg[c]f]f!B]kladdYlagf!\]k!FYjr]k+!Z]a!\]j!

Q]jh]flaf� d!_]ogff]f!oaj\(!n]jZd]aZ]f!'?ZZ-!5(-

Ba]!Cjl]admf_!]af]k!NYl]fl]k!]j^gd_l]!]Z]f^Yddk!fg[`!ae!HY`j!1///!

W05X-! D� j! _jg� l][`fak[`]!S]jkm[`]!omj\]! ]af]!FYjrk]a^]fd� kmf_!

`]j_]kl]ddl+!\a]!Z]a!]flkhj][`]f\]j!VmZ]j]almf_!]af]f!Tajcklg^^_],

`Ydl!ngf!1/!$!Ym^o]akl-!?ZZad\mf_!6!r]a_l!Cj_]Zfakk]!\a]k]j!]jkl]f!

S]jkm[`]!eal!FYjrk� mj]f!ae!T]jc!Qmddf!af!\]j!IYehY_f]!1///-

?m[`! ae!Ejg� n]jkm[`!oYj]f!FYjrk� mj]d� kmf_]f!]af\]mla_!oajc,

kYe-!Cjo� `fl!o]j\]f!emkk! af! \a]k]e!VmkYee]f`Yf_+! \Ykk! \a]!

TajckYec]al! \]j! FYjrk� mj]f! [Y-! 4,eYd! _]jaf_]j! akl! Ydk! b]f]! \]j!

Fgh^]f,#,P� mj]f+! \a]! FYjrd� kmf_]f! YZ]j! ]flkhj][`]f\! Zadda_]j!

ACDMG!+2! GehgjlYfl!kl]hk!af!l`]![gfl]pl!g^!l`]!mk]!g^!jgkaf!Y[a\k!

^gj!km_Yj!eYfm^Y[lmj]

ACD&!+2! Ta[`la_]!P[`jall]!ae!VmkYee]f`Yf_!eal!\]j!Lmlrmf_!

ngf!FYjrk� mj]f!Z]a!\]j!Vm[c]j_]oaffmf_

1///! ?[imajaf_!jgkafk!^jge!Ej]][]
! @]k[`Y^^mf_!]af]k!_ja][`ak[`]f!FYjremkl]jk

1///! AgflY[l!oal`!?mkljaYf!jgkaf!^Yje]jk
! IgflYcl!rm!`]aeak[`]f!N][`]jf!!

1///! Dajkl!dYZgjYlgjq!ljaYdk!oal`!jgkaf!Y[a\k
! Cjkl]!JYZgjn]jkm[`]!eal!FYjr]f

1///! Dajkl!^mdd,k[Yd]!ljaYdk!oal`!jgkaf!Y[a\k
! Cjkl]!_jg� l][`fak[`]!S]jkm[`]!eal!FYjrk� mj]f
!
1//0! Gf\a[]k!^gj![gehd]e]flYjq!]^^][lk!g^!l`]!hjg\m[lk
! Fafo]ak]!Ym^!]j_� fr]f\]!Tajcmf_!\]j!Njg\mcl]

7KI&! .2! Ogkaf! Y[a\k! 'YZgn]9! YZa]la[! Y[a\;! Z]dgo9! \a`q\jg,YZa]la[!

Y[a\(

3DD&!.2!FYjrk� mj]f
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Q`]k]!ljaYdk!aehj]kkan]dq![gf^aje]\!l`]!]^^][lan]f]kk!g^!kgdmlagfk!

g^! jgkaf! Y[a\k-! Gf! l`ak! [gfl]pl! al! ak! f][]kkYjq! lg!e]flagfaf_! l`Yl!

jgkaf! Y[a\k! Yj]! YhhjgpaeYl]dq! ^an]! lae]k! d]kk! ]^^][lan]! l`Yf! `gh!

#,Y[a\k-!Mf!l`]!gl`]j!`Yf\!l`]!hjg\m[lagf!g^!l`]!Yhhda[YZd]!jgkaf!

kgdmlagf!ak!Y[[gj\af_dq![`]Yh]j!kg!l`Yl!l`]![gklk!^gj!l`]!log!hjg\,

m[lk! ^gj! kaeadYj! ]^^][l! Yj]!gf!Y! kaeadYj! d]n]d-!Da_mj]! 6! hgkalan]dq!

]phdYafk!l`]!^Y[l!l`Yl!l`]!log!hjg\m[lk!Yj]!fgl![geh]lalgjk!Zml![ge,

hd]e]fl!gf]!Yfgl`]j!h]j^][ldq+!o`a[`!e]Yfk!l`Yl!Y\nYflY_]gmk!]^,

^][lk!Yj]!Y[`a]n]\!Zq!Ydl]jfYlaf_!mk]!g^!l`]!hjg\m[lk-!?!_j]Yl!\]Yd!

g^! ]na\]f[]! o`a[`! af\a[Yl]\! Y\nYflY_]gmk! ]^^][lk! Zq! Ydl]jfYlaf_!

Yhhda[Ylagf!g^!l`]!hjg\m[lk!o]j]!Yf!]kk]flaYd!hgafl!g^!gZk]jnYlagf!

\mjaf_!ljaYdk![gf\m[l]\!af!1//0-!?k!k`gof!af!Da_mj]!7+!Yl!d]Ykl!Y!

k`gjl,l]je!Zggkl!af!]^^][lan]f]kk!ak!gZk]jn]\!hjY[la[Yddq!Y^l]j!]n]jq!

[`Yf_]!g^!l`]!hjg\m[l-!Q`ak!ak!\]k[jaZ]\!af!hYjla[mdYj!Yl!l`]!]f\!g^!

l`]![YehYa_f+!o`]j]!af[j]Ykaf_!\gkY_]!Yegmflk!g^!`gh!#,Y[a\k!\a\!

fgl!j]kmdl!af!dgo]j!dY[la[!Y[a\![gfl]flk!af!jYo!bma[]+!Zml!Y![`Yf_]!lg!

j]kaf!Y[a\k!\a\-

7KI&!/2! Dmdd,k[Yd]!ljaYdk!oal`!jgkaf!Y[a\k!'Qmddf+!1///![YehYa_f(

3DD&!/2!Ejg� l][`fak[`]!S]jkm[`]!eal!FYjrk� mj]f!'Qmddf+!IYehY_f]!1///(

`]j_]kl]ddl!o]j\]f!c� ff]f+!kg!\Ykk!\a]!Igk,

l]f!^� j!_d]a[`]!Tajcmf_!Ym^!]loY!_d]a[`]e!

Lan]Ym!da]_]f-!?mk!?ZZad\mf_!6! d� kkl!ka[`!

]Z]f^Yddk!Z]j]alk!]jc]ff]f+!\Ykk!\a]!Z]a\]f!

Njg\mcl]! c]af]! Igfcmjj]fr! kgf\]jf! ]af]!

Cj_� frmf_! rm]afYf\]j! \Yjkl]dd]f+! Ydkg! ]af!

ngjl]ad`Y^l]j!C^^]cl!\mj[`!\Yk!?Zo][`k]df!

\]j!Njg\mcl]!]jra]dl!o]j\]f!cYff-!Ba]!B],

egfkljYlagf+!\Ykk!\]j!YZo][`k]df\]!CafkYlr!

\]j!Njg\mcl]!Sgjl]ad]!eal!ka[`!Zjaf_l+!oYj!af!

o]al]j]j! Dgd_]! ]af!o]k]flda[`]j!Nmfcl! \]j!

S]jkm[`]! af! \]j! IYehY_f]! 1//0-! Gf! ?Z,

Zad\mf_!7!r]a_l! ka[`!hjYclak[`!fY[`! b]\]e!

Njg\mclo][`k]d!rmeaf\]kl!cmjr^jakla_!]af]!

Z]kk]j]!TajckYec]al-!@]kgf\]jk!\]mlda[`!akl!

\a]k!rm!IYehY_f]]f\]!rm! k]`]f+!og!]af]!

Cj`� `mf_!\]j!\gka]jl]f!K]f_]!Yf!Fgh^]f,

#,P� mj]f!c]af]f+!\]j!T][`k]d!\]k!Njg\mclk!

b]\g[`!k]`j!og`d!]af]f!Cj^gd_!ZjY[`l]-

Caf]! VmkYee]f^Ykkmf_! � Z]j! Cj_]Zfakk]!

Z]r� _da[`!\]j!?fo]f\mf_!ngf!FYjrk� mj]f!

af! \]j! Vm[c]jaf\mklja]! omj\]! 1//1! hmZda,

ra]jl!W4X-

3! 7GUUT_ VSGO

BYk!ngjd� m^a_!2-!Njg\mcl!\]j!Ejmhh]!omj,

\]! Ym^! ]af]e! Yf\]j]f!T]_! _]^mf\]f-! @]a!

�Z]jd]_mf_]f! rmj! ?m^cd� jmf_! \]j! Taj,

cmf_ko]ak]!\]j!Njg\mcl]!kla]� !eYf!Ym^!\a]!

DjY_]+!gZ!\a]!TajckYec]al!af!mfZ]cYffl]f!

T][`k]doajcmf_]f!roak[`]f!PmZklYfr!mf\!

V]ddoYf\!\]j!@Ycl]ja]f! af! \]j! cgehd]p]f!

Pljmclmj!\]j!Kgd]c� d]!ngf!Fgh^]f,#,P� m,

j]f! g\]j!FYjrk� mj]f! Z]_j� f\]l! da]_l+! g\]j!

gZ! \a]! TajckYec]al! af! ]af]j! Z]klaeel]f!

IgeZafYlagf! ngf! `q\jgh`ad]f! mf\! `q\jg,

h`gZ]f! Ca_]fk[`Y^l]f! \]k! Tajcklg^^eg,

d]c� dk! rm! k]`]f! akl-! Gf! kqkl]eYlak[`]f!JY,

Zgjn]jkm[`]f! omj\]f! rmj! Rfl]jkm[`mf_!

\]j! _]fYffl]f! �Z]jd]_mf_]f! D]llk� mj]f!

mfl]jk[`a]\da[`]j! I]ll]fd� f_]! Ym^! a`j]!

TajckYec]al! _]_]f! l`]jegh`ad]! Kacjggj,

_Yfake]f!Ymk!\]e!CpljYclagfkZ]j]a[`!ngf!

7KI&!02!?hhda[Ylagf!g^!`gh!#,Y[a\k!Yf\!jgkaf!Y[a\k!'Qmddf+!1//0![YehYa_f(

3DD&!02!?fo]f\mf_!ngf!Fgh^]f,#,P� mj]f!mf\!FYjrk� mj]f!'Qmddf+!IYehY_f]!1//0(

Vm[c]j^YZjac]f! ae! Id]af^]je]fl]j! _]l]kl]l-! Gf! \]j! DY[`dal]jYlmj!

^af\]l!eYf!]af]!Sa]drY`d!ngf!Fafo]ak]f!Ym^!\a]!ZYcl]jagra\]!Taj,

cmf_!ngf!D]llk� mj]f+!]af]f!�Z]jZda[c!^af\]l!eYf!af!\]j!Z]j]alk!]af,

_Yf_k!rala]jl]f!?jZ]al!W5X-!Gf!QYZ]dd]!3!kaf\!\a]!Cj_]Zfakk]!\a]k]j!

S]jkm[`kj]a`]f!rmkYee]f_]^Ykkl-

Ta]!Ymk!QYZ]dd]!3+!af!\]j!f]Z]f!\]j!oajckYe]f!Igfr]fljYlagf!Ym[`!

\a]!BYm]j!\]j!Tajcmf_!Yf_]_]Z]f! akl+! ]jka[`lda[`+!_]`l!\a]!Z]kl]!

Tajcmf_!ngf!Kqjaklafk� mj]! Ymk-!J� f_]j]!D]llk� mj]f!r]a_l]f!c]a,

f]!Tajcmf_!Zro-!\a]!Tajcmf_!oYj!fa[`l! kg! dYf_]!Yf`Ydl]f\+!Z]a!

c� jr]jc]lla_]f!D]llk� mj]f!oYj]f! `� `]j]!Bgka]jmf_]f! fglo]f\a_-!

Ba]!TajckYec]al! c� ffl]! eal! \]j! J� kda[`c]al! af! VmkYee]f`Yf_!

kl]`]f-!DYkl!f]Z]fZ]a! cgffl]! Z]a!\a]k]f!S]jkm[`kk]ja]f!\]egfk,

lja]jl! o]j\]f+! \Ykk! \a]!TajckYec]al! \]j! Njg\mcl]! Ym^! ]af]j! B],

klYZadaka]jmf_!ZYcl]ja]dd]j!V]ddo� f\]!Z]jm`l!mf\!\Y\mj[`!rm!]af]j!

Jqk]! \]j!@Ycl]ja]fr]dd]f! ^� `jl-!Kacjgkcghak[`]!Rfl]jkm[`mf_]f!

r]a_l]f+!\Ykk!k[`gf!cmjr]!V]al!fY[`!\]j!Bgka]jmf_!\]k!Njg\mclk!ae!

eacjgkcghak[`]f! Nj� hYjYl! hjYclak[`! c]af]! @Ycl]ja]fr]dd]f! fY[`,
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?!kmeeYjq!g^!l`]!j]kmdlk!j],

dYlaf_!lg!l`]!mk]!g^!jgkaf!Y[a\k!

af!l`]!km_Yj!af\mkljq!oYk!hmZ,

dak`]\!af!1//1!W4X-

3! 7CUUZ!CEKFT

Q`]! l`aj\!hjg\m[l!oal`af!l`ak!

_jgmh!oYk!̂ gmf\!af!Y!\a^^]j]fl!

oYq-! Bmjaf_! [gfka\]jYlagfk!

gf!l`]!eg\]!g^!Y[lagf!Y! ^mf,

\Ye]flYd! im]klagf! Yjgk]9! Gk!

l`]j]!Y!kh][aYd![`]ea[Yd!afl]j,

Y[lagf! Z]lo]]f! ZY[l]jaYd! []dd!

oYddk! Yf\! l`]![gehd]p!kljm[,

lmj]k!g^!l`]!Y[lan]!kmZklYf[]k!

gj!ak!l`]!]^^][lan]f]kk!kaehdq!

ACDMG!,2! O]kmdlk!^jge!dYZgjYlgjq!ljaYdk!oal`!^Yllq!Y[a\k

ACD&!,2! Cj_]Zfakk]!ngf!JYZgjn]jkm[`]f!eal!D]llk� mj]f

DYllq!Y[a\k!'Yd[g`gda[!kgdmlagf(! PqeZgd! KafaeYd!]^^][lan]![gf[]fljYlagf!'e_.J(! BmjYlagf!g^!]^^][l!'`(
D]llk� mj]f!'Ydcg`gdak[`]!J� kmf_(! PqeZgd! KafaeYd]!]^^]clan]!Igfr]fljYlagf!'e_.J(! BYm]j!\]k!C^^]clk!'`(

?jY[`a\gfa[!Y[a\!!.!?jY[`a\gfk� mj]! A1/! Lg!]^^][l!Yl!04/!.!I]af!C^^]cl!Z]a!04/

Pl]Yja[!Y[a\!!.!Pl]Yjafk� mj]! A07! 0/! 0+4

Md]a[!Y[a\!!.!~dk� mj]! A0790! 0/! /+64

NYdeala[!Y[a\!!.!NYdealafk� mj]! A05! 0/! 0+4

Kqjakla[!Y[a\!!.!Kqjaklafk� mj]! A03! 0/! =!8

JYmja[!Y[a\!!.!JYmjafk� mj]! A01! 2/! =!5

Rf\][Yfga[!Y[a\!!.!Rf\][Yfk� mj]! A00! 3/! =!7

B][Yfga[!Y[a\!!.!B][Yfk� mj]! A0/! 04/! =!8

PgjZa[!Y[a\!!.!PgjZafk� mj]! A591! Lg!]^^][l!Yl!04/!.!I]af!C^^]cl!Z]a!04/

ACDMG!-2!GehgjlYfl!kl]hk!af!l`]![gfl]pl!g^!l`]!mk]!g^!^Yllq!Y[a\k!

^gj!km_Yj!hjg\m[lagf

ACD&!-2!Ta[`la_]!P[`jall]!ae!VmkYee]f`Yf_!eal!\]j!Lmlrmf_!

ngf!D]llk� mj]f!Z]a!\]j!Vm[c]j_]oaffmf_

1///! Agfka\]jYlagf9!`gh!jgkafk!s!jgkaf!kgYhk!s!kgYh!kgdmlagfk
! �Z]jd]_mf_9!Fgh^]f`Yjr]!s!FYjrk]a^]f!s!P]a^]fd� kmf_]f

1//1! QjaYdk!oal`!^Yllq!Y[a\k!gf!l`]!dYZgjYlgjq!k[Yd]
! S]jkm[`]!eal!D]llk� mj]f!ae!JYZgjeY� klYZ!

1//1! Gfn]kla_Ylagfk!gf!l`]!eg\]!g^!Y[lagf
! Rfl]jkm[`mf_]f!rmj!Tajcmf_ko]ak]

1//1! Dajkl!ljaYdk!gf!Y!l][`fa[Yd!k[Yd]
! Cjkl]!S]jkm[`]!ae!l][`fak[`]f!KY� klYZ

1//2! Dmdd,k[Yd]!ljaYdk!af!Ydd!?mkljaYf!^Y[lgja]k
! Ejg� l][`fak[`]!S]jkm[`]!af!Ydd]f!\j]a!� kl]jj]a[`ak[`]f!T]jc]f

1//2! QjaYdk!oal`!Ydl]jfYl]!Yhhda[Ylagf!g^!l`]!hjg\m[lk
! S]jkm[`]!rme!YZo][`k]df\]f!CafkYlr!\]j!Njg\mcl]

\]h]f\af_!gf![geZafYlagfk!g^!`q\jgh`ada[!Yf\!`q\jgh`gZa[!hjgh,

]jla]k!g^!l`]!egd][md]k!g^!l`]!Y[lan]!kmZklYf[]k-!Dgj!klm\qaf_!l`]k]!

l`]gj]la[Yd![gfka\]jYlagfk!kqkl]eYla[!ljaYdk!oal`!̂ Yllq!Y[a\k+!Z]Yjaf_!

nYjagmk!fmeZ]jk!g^![YjZgf!Ylgek+!Yf\!l`]aj!]^^][lan]f]kk!Y_Yafkl!

l`]jegh`ada[! ZY[l]jaY! ^jge! l`]! ]pljY[lagf! Yj]Y! g^! km_Yj! ^Y[lgja]k!

o]j]![Yjja]\!gml!af!l`]!dYZgjYlgjq!af!l`]!hj]nagmkdq!mk]\!ueafa!^]j,

e]fl]jkv-!Q`]!l][`fa[Yd!dal]jYlmj]!af[dm\]k!Y!_j]Yl!\]Yd!g^!]na\]f[]!

gf!l`]!ZY[l]ja[a\Yd!hjgh]jla]k!g^!^Yllq!Y[a\k-!?f!gn]jna]o!g^!l`]k]!

hYh]jk!ak!_an]f!af!l`]!Ydj]Y\q!e]flagf]\!klm\q!W5X-

Gf!QYZd]!3!\YlY!YZgml!]^^][lan]![gf[]fljYlagfk!Yk!o]dd!Yk!l`]!\mjY,

lagf!g^!l`]!]^^][lan]f]kk!Yj]!_an]f!Yf\!al!ak!]Ykadq!k]]f!l`Yl!eqjak,

la[!Y[a\!h]j^gje]\!l`]!Z]kl-!DYllq!Y[a\k!o`a[`![gfkakl]\!g^!dgf_]j!

[`Yafk!̀ Y\!]al`]j!fg!]^^][l!gj!l`]!]^^][l!\a\!fgl!dYkl!n]jq!dgf_-!OYl`]j!

k`gjl,[`Yaf]\!^Yllq!Y[a\k!`Y\!lg!Z]!Yhhda]\!af!`a_`]j![gf[]fljYlagfk!

Yf\!al!ak![gfka\]j]\!l`Yl!l`]j]!ak!Y!\aj][l![gff][lagf!Z]lo]]f!l`]aj!

]^^][lan]f]kk!Yf\!l`]aj!kgdmZadalq-!Gf!l`]k]!afn]kla_Ylagfk!al!oYk!^mj,

l`]jegj]!hgkkaZd]!lg!\]egfkljYl]!l`]!eg\]!g^!Y[lagf!g^!l`]!Y[lan]!

kmZklYf[]9!al!\akafl]_jYl]k!ZY[l]jaYd![]dd!oYddk!Yf\!d]Y\k!lg!dqkak!g^!

l`]!j]kh][lan]![]ddk-!Gfn]kla_Ylagfk!mf\]j!l`]!ea[jgk[gh]!j]n]Yd]\!

l`Yl!Y!n]jq!k`gjl!lae]!khYf!Y^l]j!\gkaf_!g^!l`]!hjg\m[l!fg![]ddk!af!

l`]!hj]hYjYlagf!o]j]!\]l][lYZd]-!Q`]!kYe]!eg\]!g^!Y[lagf!oYk!Ydkg!

^gmf\! ^gj! l`]! gl`]j! log!hjg\m[lk! W5X-! Dmjl`]j! aehgjlYfl! kl]hk! af!

o]akZYj!oYj]f-!Ba]k]j!K][`Yfakemk!cgffl]! Ym[`! ^� j!\a]!Z]a\]f!

Yf\]j]f!Njg\mcl]!Z]kl� la_l!o]j\]f!W5X-

T]al]j]!oa[`la_]!P[`jall]!ae!VmkYee]f`Yf_!eal!\]j!Lmlrmf_!ngf!

7KI&!12! Dmdd!k[Yd]!ljaYdk!oal`!jgkaf!Y[a\k!Yf\!^Yllq!Y[a\k!'Qmddf+!1//1![YehYa_f(

3DD&! 12! Ejg� l][`fak[`]! S]jkm[`]! eal! FYjrk� mj]f! mf\! D]llk� mj]f! 'Qmddf+! IYehY_f]!

1//1(

D]llk� mj]f!rmj!@]c�eh^mf_!ngf!Kacjggj,

_Yfake]f!kaf\!af!QYZ]dd]!4!\Yj_]kl]ddl-

LY[`!\]f!]j^gd_j]a[`]f!S]jkm[`]f!ae!JY,

ZgjeY� klYZ! cgffl]! \a]! TajckYec]al! \]j!

Kqjaklafk� mj]! ]jkleYdk! af! \]j! IYehY_f]!

1//1!Ym[`!ae!_jg� l][`fak[`]f!KY� klYZ!ae!

T]jc!Qmddf!Z]kl� la_l!o]j\]f!'Cj_]Zfakk]!k-!

?ZZ-!8(-!

Gf!\]j!]jkl]f!IYehY_f]`� d^l]!omj\]f!f],

Z]f!FYjrk� mj]f!\a]!Z]a\]f!D]llk� mj]f!Kq,

jaklafk� mj]!mf\!NYdealafk� mj]!_]l]kl]l+!\a]!

Z]a\]! af! Dgje! ngf! YdcYdak[`]f! J� kmf_]f!

]af_]k]lrl! omj\]f-! ?mk! \]j! ?ZZad\mf_! 8!

oaj\! \a]! _ml]! TajckYec]al! kgog`d! ngf!

Kqjaklafk� mj]!Ydk!Ym[`!\]j!FYjrk� mj]f!]j,

ka[`lda[`+!hjYclak[`!c]af]!Tajcmf_!cgffl]!

eal! NYdealafk� mj]! ]jra]dl! o]j\]f-! Ba]! ]j,

^gj\]jda[`]f!Tajcklg^^e]f_]f!ae!DYdd]!\]j!

Kqjaklafk� mj]!dY_]f!^� j!\a]!S]j`� dlfakk]!ae!

T]jc!Qmddf!roak[`]f!04!mf\!1/!_.l!O!mf\!

\Yeal! ae! @]j]a[`! \]j! CafkYlre]f_]f! ^� j!

FYjrk� mj]f-!?m[`!af!\a]k]j!IYehY_f]h`Y,
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[gff][lagf!oal`!l`]!mladarYlagf!g^!^Yllq!Y[,

a\k!^gj!l`]!kmhhj]kkagf!g^!ea[jggj_Yfakek!

Yj]!k`gof!af!QYZd]!4-

?^l]j! km[[]kk^md! ljaYdk! gf! l`]! dYZgjYlgjq!

k[Yd]!l`]!]^^][lan]f]kk!g^!eqjakla[!Y[a\!oYk!

[gf^aje]\! af! dYj_]! k[Yd]! ljaYdk! l`jgm_`gml!

l`]!1//1![YehYa_f!af!l`]!Qmddf!^Y[lgjq-!Gf!

Da_mj]!8!j]kmdlk!^jge!l`]k]!ljaYdk!Yj]!addmk,

ljYl]\-

@]ka\]k!l`]!jgkaf!Y[a\k!l`]!log!^Yllq!Y[a\k!

eqjakla[! Y[a\! Yf\! hYdeala[! Y[a\+! Zgl`! Yh,

hda]\!Yk!YdcYdaf]!kgdmlagfk+!o]j]!l]kl]\!\mj,

af_!l`]!^ajkl!`Yd^!g^!l`]![YehYa_f-!Da_mj]!8!

af\a[Yl]k!_gg\!j]kmdlk!^gj!eqjakla[!Y[a\!Yf\!

jgkaf! Y[a\k! Yk!o]dd+! Zml! hjY[la[Yddq! fg! ]^,

^][l!\mjaf_!h]jag\k!o`]f!hYdeala[!Y[a\!oYk!

mk]\-!C^^][lan]! [gf[]fljYlagfk!g^!eqjakla[!

Y[a\! jYf_]\!^jge!04! lg!1/!_.l!Z]]l!o`a[`!

oYk!Ydkg!Y![geegf![gf[]fljYlagf!^gj!jgkaf!

Y[a\k-!Gf!l`ak!h`Yk]!g^!l`]![YehYa_f!l`]!Y\,

nYflY_]gmk!]^^][lk!g^!Y!hjg\m[l![`Yf_]!Yj]!

o]dd! \]egfkljYl]\-! Q`]! hgkalan]! ]^^][l! g^!

Yf! Ydl]jfYlaf_! Yhhda[Ylagf! g^! l`]! hjg\m[lk!

k]! ^� ddl!oa]\]jme!\]j!hgkalan]!C^^]cl! ]af]k!Njg\mclo][`k]dk! Ym^-!

Ba]k]j!hgkalan]!C^^]cl!cgffl]!Z]ae!CafkYlr!ae!T]jc!Qmddf! af!\]j!

IYehY_f]!1//3!fg[`eYdk!]af\jm[ckngdd!Z]kl� la_l!o]j\]f-!Ba]!Cj,

_]Zfakk]!kaf\!af!?ZZad\mf_!0/!rmkYee]f_]^Ykkl-

?mk!\]j!?ZZad\mf_!0/!_]`l!Yfk[`Ymda[`!̀ ]jngj+!\Ykk!hjYclak[`!b]\]j!

Njg\mclo][`k]d! rm! ]af]e! rmk� lrda[`]f!?Z^Ydd! \]j!Kad[`k� mj]_],

`Ydl]!ae!Og`kY^l!^� `jl]-!Vm!@]_aff!\]k! d]lrl]f!IYehY_f]\jall]dk!

akl!Ym� ]j\]e!]jc]ffZYj+!\Ykk!\a]k!Ydd]af]!\mj[`!Cj`� `mf_!\]j!\g,

ka]jl]f!K]f_]!\]k!_d]a[`]f!Njg\mclk!fa[`l!e� _da[`!oYj-!@]kgf\]jk!

]j^j]mda[`!akl!rmk� lrda[`+!\Ykk!Ye!IYehY_f]]f\]!eal!\]f!_d]a[`]f!

K]f_]f!oa]!rm!IYehY_f]Z]_aff+!\]jk]dZ]+!o]ff!fa[`l!kg_Yj!]af!

Z]kk]j]j!C^^]cl!]jra]dl!o]j\]f!cgffl]-

Ph� l]kl]fk!fY[`!\]j!IYehY_f]!1//3!cgffl]!eYf!Ydd]!\j]a!Njg\mcl]!

Ydk!][`l]!?dl]jfYlan]!rm!cgfn]flagf]dd]f!B]kaf^]clagfkeall]df!Yf,

k]`]f-!?dk!Ejmhh]fZ]r]a[`fmf_!]flk[`a]\!eYf!ka[`!̂ � j!tfYl� jda[`]!

@agklYZadaklgj]fu+!ogZ]a!\]j!@]_ja^^!fYl� jda[`!^� j!\a]!F]jcmf^l!\]j!

Tajcklg^^]!kl]`l!s!#,P� mj]f!Ymk!\]j!Fgh^]fh^dYfr]+!FYjrk� mj]f!Ymk!

@Yme`Yjr]f!mf\!Kqjaklafk� mj]!Ymk!NYdec]jf� d-!B]j!@]_ja^^!@ag,

klYZadakYlgj]f!d]al]l!ka[`!ngf!\]j!Dmfclagf!YZ+!l][`fak[`]!Njgr]kk]!

Z]r� _da[`!Zagdg_ak[`]j!Sgj_� f_]!s!oa]!\a]!@ad\mf_!ngf!n]jk[`a],

\]f]f!Plg^^o][`k]dhjg\mcl]f!s!rm!klYZadaka]j]f-!?dd]!\j]a!Njg\mcl]!

kaf\!@]klYf\l]ad]!ngf!J]Z]fkeall]df!g\]j!Igke]lachjg\mcl]f!mf\!

kgeal! af! c]af]j!T]ak]! ]jf� `jmf_kh`qkagdg_ak[`! Z]\]fcda[`-! B]k!

T]al]j]f!Zad\]f!Ydd]!Njg\mcl]!Zro-!\]j]f!Gf`Ydlkklg^^]!eal!AYd[a,

me!k[`o]j!d� kda[`]!PYdr]+!kg!\Ykk!]k!ae!Vm_]!\]j!PY^lj]afa_mf_!rm!

]af]j!o]al_]`]f\]f!?Zlj]ffmf_!cgeel-

Ta]!n]jk[`a]\]fkl]!YfYdqlak[`]!Rfl]jkm[`mf_]f!r]a_l]f+!lj]l]f!af!

\]f!Cf\hjg\mcl]f!Vm[c]j!mf\!K]dYkk]!fmj!Phmj]f!\]j!@agklYZadakY,

lgj]f!Ym^!'QYZ-!5(-!Caf]!1//5!YZ_]k[`dgkk]f]!Plm\a]!r]a_l]+!\Ykk!\a,

]k]!Phmj]f!rm!c]af]j!k]fkgjak[`]f!@]]af^dmkkmf_!\]k!T]a� rm[c]jk!

^� `j]f-!Gf!\a]k]j!Rfl]jkm[`mf_!omj\]f!Ej]frcgfr]fljYlagf]f!^� j!

\a]!k]fkgjak[`]!TY`jf]`eZYjc]al!\]j!]afr]df]f!Tajcklg^^]!]jeal,

l]dl-!Ba]!Cj_]Zfakk]!\a]k]j!Plm\a]!kaf\!]Z]f^Yddk!af!QYZ]dd]!5!]af,

_]ljY_]f-!KYf!ka]`l+!\Ykk!k]dZkl!ae!DYdd]!\]j!Zall]j!k[`e][c]f\]f!

Fgh^]f,#,P� mj]f!\a]!O]ark[`o]dd]!^� j!]af]f!E]k[`eY[ck]af\jm[c!

Z]a! ]af]e!Sa]d^Y[`]f! \]j! af!T]a� rm[c]j!fY[`o]akZYj]f!K]f_]f!

da]_l-!Lg[`!`� `]j!da]_]f!\a]!P[`o]dd]fo]jl]!^� j!\a]!Yf!mf\!^� j!ka[`!

_]k[`eY[ckf]mljYd]f!Njg\mcl]!FYjrk� mj]f!mf\!Kqjaklafk� mj]-

7KI&!)(2! ?dl]jfYlaf_!Yhhda[Ylagf!g^!l`j]]!fYlmjYd!YflaZY[l]jaYdk!'Qmddf+!1//3![YehYa_f(

3DD&!)(2!?Zo][`k]df\]j!CafkYlr!ngf!2!fYl� jda[`]f!@agklYZadakYlgj]f!'Qmddf+!IYehY_f]!

1//3(

oYk!]p`aZal]\!af!l`]!Qmddf!^Y[lgjq!gf[]!egj]!\mjaf_!l`]![YehYa_f!

1//3-!Q`]!j]kmdlk!Yj]!k`gof!af!Da_mj]!0/-

Q`ak!Da_mj]![d]Yjdq!addmkljYl]k!l`Yl!hjY[la[Yddq!]n]jq!hjg\m[l![`Yf_]!

]flYadk!Yf!Y\\alan]!\jgh!af!dY[la[!Y[a\!nYdm]k!af!l`]!jYo!bma[]-!Da_mj]!

0/!Ydkg!k`gok!l`Yl!al!ak!fgl!hgkkaZd]!lg!Y[`a]n]!l`ak!]^^][l!bmkl!Zq!af,

[j]Ykaf_!l`]![gf[]fljYlagf!g^!l`]!hjg\m[l!]kh][aYddq!a^!gf]!^g[mk]k!

gf!l`]!klYjl!g^!l`]!dYkl!l`aj\!g^!l`]![YehYa_f-!Gl!oYk!egkl!_jYla^qaf_!

l`Yl+![gehYj]\!lg!l`]!Z]_affaf_!g^!l`]![YehYa_f+!a\]fla[Yd!gj!]n]f!

Z]ll]j!]^^][lk!o]j]!Y[`a]n]\!oal`!l`]!kYe]!\gkaf_!jYl]!Yl!l`]!]f\!

g^!l`]![YehYa_f-

?l!l`]!dYl]kl!^jge!l`]!]f\!g^!l`]!1//3![YehYa_f+!Ydd!2!Ydl]jfYlan]!

kmZklYf[]k!`Yn]!hjgn]\!l`]aj!]^^][lan]f]kk!Yf\![YhYZadala]k!af![ge,

hYjakgf!oal`![gfn]flagfYd!ZY[l]jagklYlk! af! l`]! km_Yj! af\mkljq-!?dd!

l`]k]!kmZklYf[]k!`Yn]!Z]]f!dYZ]dd]\!Yk!fYlmjYd!YflaZY[l]jaYdk-!Q`]!

fYe]! af\a[Yl]k! l`]aj!gja_af! ^jge!fYlmjYd! kgmj[]k!Z][Ymk]!`gh!#,

Y[a\k! [ge]! ^jge! l`]!`gh!hdYfl+! jgkaf! Y[a\k! ^jge!haf]! _mek! Yf\!

eqjakla[!Y[a\k!^jge!hYde!c]jf]dk-!Q`]aj!kh][aYd!^a]d\!g^!Yhhda[Ylagf!

ak!Ydkg!af\a[Yl]\-

?dd!l`j]]!hjg\m[lk!Yj]![gfklalm]flk!g^!^gg\k!gj![gke]la[k!Yf\!`Yn]!

l`]j]^gj]!fg!`Yje^md!]^^][lk!gf!`meYfk!gj!eYeeYdk-!Dmjl`]jegj]!

Ydd!l`]k]!kmZklYf[]k!̂ gje!kda_`ldq!kgdmZd]!kYdlk!oal`![Yd[ame!Yf\!Yj]!

l`]j]^gj]!]pl]fkan]dq!k]hYjYl]\!\mjaf_!bma[]!hmja^a[Ylagf-

?dd!kgjlk!g^!YfYdqla[Yd!afn]kla_Ylagfk!\g[me]fl!l`Yl!gfdq!ljY[]k!g^!

l`]!kmZklYf[]k!Yj]!\]l][l]\!af!l`]!log!]f\,hjg\m[lk!km_Yj!Yf\!eg,

dYkk]k!'QYZd]!5(-!!?!klm\q!̂ afak`]\!af!1//5!j]n]Yd]\!l`Yl!l`]!j]ka\m]k!

g^!fYlmjYd!YflaZY[l]jaYdk!\g!fgl!`Yn]!Yfq!k]fkgjq!]^^][l!gf!l`]!lYkl]!

g^!o`al]!km_Yj-!P]fkgjq!\]l][lagf! daealk!o]j]!\]l]jeaf]\!^gj! l`]!

af\ana\mYd!]^^][lan]!kmZklYf[]k-!Q`]!j]kmdlk!g^!l`]!klm\q!Yj]![ge,

had]\!af!QYZd]!5-

Cn]f!af![Yk]!g^!Zall]j!`gh!#,Y[a\k!l`]!l`j]k`gd\!nYkldq!]p[]]\k!l`]!

\]l][lYZd]! Yegmflk! af! o`al]! km_Yj-! Dgj! jgkaf! Y[a\k! Yf\! eqjakla[!

Y[a\!l`]!l`j]k`gd\k!Yj]!]n]f!`a_`]j!Z][Ymk]!l`]k]!kmZklYf[]k!`Yn]!

Y!f]mljYd!lYkl]-
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4! 3QQMKECUKPO!UGEJOKRVG

Dmjl`]j! \]n]dghe]flk! af! l`]! ^a]d\! g^! fYlmjYd! YflaZY[l]jaYdk! [gf,

[]jf]\!ghlaearYlagfk! af! l`]!Yhhda[Ylagf! l][`faim]-!?dcYdaf]!kgdm,

lagfk!g^!jgkaf!Y[a\k!Yf\!eqjakla[!Y[a\!`Yn]!daeal]\!kgdmZadalq!Yf\!

l`]j]^gj]!kgda\!hj][ahalYlagfk!g[[mj!Y^l]j! kge]!klgjY_]! lae]-! Gl! ak!

hgkkaZd]!lg!\akkgdn]!l`]k]!hj][ahalYlagfk!Zq!̀ ]Ylaf_!Zml!l`ak!j]imaj]k!

Y\\alagfYd!]imahe]fl!gf!kal]-!Pqkl]eYla[!ljaYdk!YZgml!l`]!kgdmZadalq!

h]j^gjeYf[]![gf\m[l]\!af!l`]!dYZgjYlgjq!j]n]Yd]\!l`Yl!eaplmj]k!g^!

jgkaf!Y[a\k!Yf\!eqjakla[!Y[a\!k`go!af[j]Yk]\!kgdmZadalq-!O]_Yj\af_!

l`]k]!^af\af_k+!eaplmj]k!oal`!Y!jYlag!jYf_af_!^jge!3/95/!lg!5/93/!

[Yf! Z]! hjg\m[]\! mh! lg! Y! \jq! kmZklYf[]! [gfl]fl! g^! 2/$! Yf\! Yj]!

klYZd]!^gj!dgf_]j!h]jag\k!]n]f!Yl!l]eh]jYlmj]k!Z]dgo!*3!{A-!Q`ak!

ak!gf]!g^!l`]!c]q!Y\nYflY_]k![gehYj]\!oal`!log!k]hYjYl]!kgdmlagfk!

l`Yl![gflYaf!]al`]j!jgkaf!Y[a\k!gj!eqjakla[!Y[a\-!Ngkalan]!h]j^gje,

Yf[]!g^!l`]!eaplmj]!af!dYj_]!k[Yd]!l]klk!\mjaf_!l`]!1//4![YehYa_f!

d]\! lg![gfkmdlYlagfk!oal`! l`]!hYjlf]j![gehYfq;! al!oYk!\][a\]\! lg!

g^^]j!log!hjg\m[lk!af!l`]!^mlmj]+!`gh!#,Y[a\k!Yf\!Y!eaplmj]!g^!jgkaf!

Y[a\k!Yf\!eqjakla[!Y[a\-!Q`ak!\][akagf!kaehda^a]k!l`]!hjg\m[l!kljYl,

]_q!Yf\!l`]!Y\nYflY_]!g^!Yf!Ydl]jfYlaf_!Yhhda[Ylagf!g^!log!hjg\m[lk!

ak!hj]k]jn]\!Yk!o]dd-

5! 6HHGEUKWGOGTT!CICKOTU!NGTPQJKMKE!TMKNG%HPSNKOI!
DCEUGSKC

@]ka\]k!]^^gjlk!^gj!Yf!ghlaearYlagf!g^!l`]!Yhhda[Ylagf!g^!fYlmjYd!Yf,

laZY[l]jaYdk!af!l`]!]pljY[lagf!Yj]Y+!kqkl]eYla[!klm\a]k!gf!l`]!]^^][,

lan]f]kk!g^!l`]!hjg\m[lk!Y_Yafkl!e]kgh`ada[!kdae],^gjeaf_!ZY[l]jaY!

o]j]!klYjl]\!af!1//2-!Q`]!eglan]!^gj!l`]k]!afn]kla_Ylagfk!`Yk!Z]]f!

Ydj]Y\q!e]flagf]\!O(K(!gZk]jnYlagfk!l`Yl!\gkY_]k!g^!`gh!#,Y[a\!af!

l`]!Ar][`!km_Yj!^Y[lgjq!FjmkgnYfq!]daeafYl]\!gh]jYlagfYd!\a^^a[md,

la]k!af!l`]!hj],daeaf_!ljgm_`!'Da_-!00(-

Gf!dYZgjYlgjq!]ph]jae]flk!o`a[`!o]j]![gf\m[l]\!oal`af!l`]!k[gh]!

g^!Y!BahdgeY!l`]kak!W06X+!Ydd!hjg\m[lk!o]j]!l]kl]\!Y_Yafkl!nYjagmk!

\]^af]\!hmj]!kljYafk!g^! l`]!_]fmk!?KYITSTWXTI+!gj\]j]\! ^jge! l`]!

wE]jeYf!Agdd][lagf!g^!Ka[jggj_Yfakek!Yf\!A]dd!Amdlmj]kx9!J082!<!

?(!UWKYJTRKWKSXKVTOJKW+!J232!<!?(!RKWKSXKVTOJKW!RKWKSXKVTOJKW+!

J373!<!?(!JK[XVGSOIYR-!Q`]!ZY[l]jaY!o]j]![mdlanYl]\!af!kmZe]jk]!

[mdlmj]k+!Y[[gj\af_!lg!ljaYdk!̂ gj!\]l]jeafYlagf!g^!eafaeYd!af`aZalgjq!

[gf[]fljYlagfk-!A]dd![gf[]fljYlagfk!'ghla[Yd!\]fkalq!Yl!5//!fe(+!hF!

nYdm]k!Yk!o]dd!Yk!l`]![gfl]flk!g^!dY[la[!Y[a\!'J!Yf\!B(+!\]pljYf+!_dm,

[gk]!Yf\!^jm[lgk]!o]j]!^gddgo]\!mh-!?k!hjY[la[Yddq!Ydd!hYjYe]l]jk!

k`go]\!l`]!kYe]!j]kmdlk![gf[]jfaf_!l`]!]^^][lan]f]kk!g^!l`]!Yhhda]\!

4! 3OXGOFVOITUGEJOKL

Ba]!d]lrl]!T]al]j]floa[cdmf_!Ym^!\]e!E]Za]l!\]j!fYl� jda[`]f!@a,

gklYZadakYlgj]f! Z]ljY^! \a]! ?fo]f\mf_kl][`fac-! P[`gf! Z]a! FYjr,

k� mj]f,+!YZ]j!ngj!Ydd]e!Z]a!Kqjaklafk� mj]d� kmf_]f!cgeel!]k!Ym^!

Ejmf\!\]j!Z]_j]frl]f!J� kda[`c]al!\]j!?dcYdak]a^]f!rm!]af]e!?mk,

^Ydd]f!ngf!Tajcklg^^]f-!Ba]k]!ka[`!YZk]lr]f\]f!D]klklg^^]!c� ff]f!

roYj!\mj[`!]af^Y[`]k!Cjo� je]f!oa]\]j!af!J� kmf_!_]ZjY[`l!o]j,

\]f+! oYk! YZ]j!oa]\]jme! ]af]! rmk� lrda[`]! YhhYjYlan]!?mkj� klmf_!

Z]ae!?fo]f\]j!]j^gj\]jl-!

Pqkl]eYlak[`]! Rfl]jkm[`mf_]f! rme! J� kda[`c]alkn]j`Ydl]f! ngf!

IgeZafYlagf]f!ngf!@agklYZadakYlgj]f!r]a_l]f+!\Ykk!]af]!Kak[`mf_!

ngf!FYjrk� mj]f!mf\!Kqjaklafk� mj]!\]mlda[`!Z]kk]j]!J� kda[`c]alk,

]a_]fk[`Y^l]f!Ym^o]akl!Ydk!\a]!Cafr]dcgehgf]fl]f-!Gf!Kak[`mf_k,

n]j`� dlfakk]f!ngf!3/95/!Zak!5/93/!cYff!eYf!J� kmf_]f!Zak!rm!2/!$!

Tajcklg^^_]`Ydl!`]jkl]dd]f+!af!\]f]f!]k!Ym[`!Z]a!Q]eh]jYlmj]f!Zak!

rm!*3!{A!rm!c]af]e!?mk^� dd]f!ngf!Tajcklg^^]f!cgeel-!Ba]k!kl]ddl!

]af]f! ]flk[`]a\]f\]f!Sgjl]ad! _]_]f� Z]j! \]j! _]lj]ffl]f!S]jo]f,

\mf_!ngf!FYjrk� mj]f,!mf\!Kqjaklafk� mj]d� kmf_]f!\Yj-!LY[`\]e!

Ym[`!\a]!_jg� l][`fak[`]f!Q]klk!eal!\]j!Kak[`mf_!af!\]j!IYehY_f]!

1//4!rmj!ngddkl]f!Vm^ja]\]f`]al!Ymk^a]d]f+!omj\]!af!?ZkhjY[`]!eal!

\]j!NYjlf]j^ajeY!Z]k[`dgkk]f+!af!Vmcmf^l!fmj!ro]a!Njg\mcl]!Yfrm,

Za]l]f9!Fgh^]f,#,P� mj]f!mf\!]af]!Kak[`mf_!Ymk!FYjrk� mj]f!mf\!

Kqjaklafk� mj]-! Ba]k! n]j]af^Y[`l! ]af]jk]alk! \a]! Njg\mclkljYl]_a]+!

\]j!Sgjl]ad!]af]k!YZo][`k]df\]f!CafkYlr]k!n]jk[`a]\]f]j!Njg\mcl]!

Zd]aZl!b]\g[`!]j`Ydl]f-

5! BKSLTCNLGKU!IGIGO!NGTPQJKMG!@EJMGKNDKMFOGS

L]Z]f!\]j!Mhlaea]jmf_!\]j!?fo]f\mf_!fYl� jda[`]j!@agklYZadakY,

lgj]f! ae! CpljYclagfkZ]j]a[`! omj\]! 1//2! eal! \]j! kqkl]eYlak[`]f!

Rfl]jkm[`mf_! \]j! TajckYec]al! \]j! Njg\mcl]! _]_]f! e]kgh`ad]!

k[`d]aeZad\]f\]!@Ycl]ja]f!Z]_gff]f-!?fdYkk!\Y^� j!oYj!\a]!Z]j]alk!

]jo� `fl]!@]gZY[`lmf_+!\Ykk!\mj[`!Bgka]jmf_!ngf!Fgh^]f,#,P� m,

j]f! ae! lk[`][`ak[`]f!T]jc!FjmkgnYfq!\a]!\mj[`!B]pljYfZad\mf_!

`]jngj_]jm^]f]f!P[`oa]ja_c]al]f! ae!@]j]a[`!\]j!SgjcYdcmf_!Z],

k]ala_l!o]j\]f!cgffl]f!'?ZZ-!00(-

Gf!JYZgjmfl]jkm[`mf_]f+!\a]!ae!OY`e]f!]af]j!BahdgeYjZ]al!\mj[`,

_]^� `jl!omj\]f!W06X+!omj\]f!Ydd]!Njg\mcl]!Yf!n]jk[`a]\]f]f!O]af,

rm[`lkl� ee]f!\]j!EYllmf_!?KYITSTWXTI!Z]rg_]f!� Z]j!\a]!yB]ml,

k[`]!PYeedmf_!ngf!Kacjggj_Yfake]f!mf\!V]ddcmdlmj]fw!'BPKV(!

_]l]kl]l-!Dgd_]f\]!O]afrm[`lkl� ee]!omj\]f! mfl]jkm[`l9!J082!<!

?(!UWKYJTRKWKSXKVTOJKW+!J232!<!?(!RKWKSXKVTOJKW!RKWKSXKVTOJKW+!

ACDMG!.2! PmeeYjq!g^!j]kmdlk!gf!klm\a]k!YZgml!l`]!\]l]jeafYlagf!g^!j]ka\m]k!g^!fYlmjYd!YflaZY[l]jaYdk!'af!e_.c_!hjg\m[l(

ACD&!.2! VmkYee]f^Ykkmf_!\]j!Cj_]Zfakk]!\]j!Rfl]jkm[`mf_]f!rme!S]jZd]aZ!\]j!fYl� jda[`]f!@agklYZadakYlgj]f!'af!e_.c_!Njg\mcl(

Njg\m[l!.!Njg\mcl! Fgh!#,Y[a\k!.!Fgh^]f,#,P� mj]f! Ogkaf!Y[a\k!.!FYjrk� mj]f! Kqjakla[!Y[a\!.!Kqjaklafk� mj]

Nj]kk]\!hmdh!.!Nj]kkk[`falr]d! 2s3! 3/s4/! 1/s2/

OYo!bma[]!.!Og`kY^l! /+4s0! 1s3! 2s4

Q`af!bma[]!.!B� ffkY^l! /+1s/+2! /+7s0+/! /+8s0+1

Q`a[c!bma[]!.!Ba[ckY^l! 0+/s0+4! 2+4s3+/! 2+4s3+/

KgdYkk]k!.!K]dYkk]! 4+/s0/+/! 1/s14! 1/s14

T`al]!km_Yj!.!T]a� rm[c]j! /+/2s/+/4! /+/6s/+0/! /+0/s/+14

Q`j]k`gd\)!.!P[`o]dd]fo]jl)! 2/! 01/! 0//

)!e_!g^!Y[lan]!kmZklYf[]!h]j!c_!o`al]!km_Yj+!afn]kla_Yl]\!Yk!Yf!Yim]gmk!kgdmlagf!'km_Yj![gfl]fl!<!0/$(!.!e_!Tajcklg^^!hjg!c_!T]a� rm[c]j+!_]l]kl]l!af!Dgje!
]af]j!o� kkja_]f!J� kmf_!'Vm[c]j_]`Ydl!<!0/!$(
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kmZklYf[]k!s!gfdq!af!kge]!^]o![Yk]k!\]pljYf!^gjeYlagf!oYk!af`aZ,

al]\! Zq! dgo]j! kmZklYf[]! [gf[]fljYlagf! l`Yf! Y[a\! ^gjeYlagf! s! l`]!

j]kmdlk!Yj]!kmeeYjar]\!af!QYZd]!6-

Fgh! #,Y[a\k! o]j]! ]^^][lan]! af! [gf[]fljYlagfk! jYf_af_! ^jge! 4! lg!

0/!e_.J!^gj!13!`-!Dgj!Y!klYZadaraf_!]^^][l!\mjaf_!61!`!g^!af[mZY,

lagf! lae]!1/! lg! 3/!e_.J!\]h]f\]fl! gf! l`]! gZk]jn]\! kljYaf!o]j]!

km^^a[a]fl-!Ogkaf!Y[a\k!`Y\!lg!Z]!Yhhda]\!Yl!`a_`]j![gf[]fljYlagfk!

[gehYj]\!lg!`gh!#,Y[a\k9!^gj!Yf!af[mZYlagf!lae]!g^!13!`!0/!lg!04!

e_.J! af`aZal]\!ea[jgZagdg_a[Yd!_jgol`-!?^l]j!61!`!g^! af[mZYlagf!

l`]!]^^][lan]![gf[]fljYlagf!oYk!kaeadYj!lg!l`]!`gh!#,Y[a\k-!Kqjakla[!

Y[a\! `Y\! lg! Z]! Yhhda]\! Yl! em[`!`a_`]j! [gf[]fljYlagfk! [gehYj]\!

lg!l`]!gl`]j!log!kmZklYf[]k-!Dgj!Y!klYZadaraf_!]^^][l!g^!13!`!0//!lg!

1//!e_.J!o]j]!f][]kkYjq!s!^gj!61!`!egj]!l`Yf!2//!e_.J!`Y\!lg!

Z]!Y\\]\!lg!l`]!e]\ame!lg![gehd]l]dq!kmhhj]kk!ea[jgZaYd!Y[lanalq-!

Dmjl`]j!afn]kla_Ylagfk!o]j]![Yjja]\!gml!oal`!Yf!mf\]^af]\!eaplmj]!

g^!ea[jggj_Yfakek!\]jan]\!^jge!Y!ZY[l]jaYd!kdae]!kYehd]![gdd][l]\!

af!l`]!oYk``gmk]!Yj]Y!g^!l`]!Qmddf!km_Yj!^Y[lgjq-!Q`]!j]kmdlk!g^!l`]!

ljaYdk!oal`!l`ak!eap]\![mdlmj]!o]j]!n]jq!kaeadYj!lg! l`gk]!oal`!l`]!

hmj]!kljYafk-

Pmeeaf_!mh!l`]!j]kmdlk+!l`]k]!dYZgjYlgjq!ljaYdk!j]n]Yd]\!]^^][lan],

f]kk!g^!Yl!d]Ykl!log!g^!l`]!l`j]]!fYlmjYd!YflaZY[l]jaYdk!Y_Yafkl!e]kg,

h`ada[! kdae],^gjeaf_! ZY[l]jaY-! @Yk]\! gf! l`]k]! j]kmdlk! afl]j]klaf_!

Ykh][lk!Yjak]!^gj!hjY[la[Yd!mk]!af!eg\]jf!km_Yj!hjg[]kkaf_9!l`]!Yh,

hda[Ylagf!g^!fYlmjYd!YflaZY[l]jaYdk!af!l`]!u[gd\v!jYo!bma[]!Yj]Y+!hj],

n]flagf!g^!ea[jgZaYd!Y[lanalq!af!l`]![ggdaf_!oYl]j![aj[mal!Yf\!^afYddq!

Y!_j]Yl!hgl]flaYd!^gj!l`]!hjg\m[lk!af!l`]!^a]d\!g^!Z]]l!klgjY_]-

Djge!l`]!u[gd\v!jYo!bma[]!Yj]Y!egkldq!hjY[la[Yd!gZk]jnYlagfk!]p,

akl-!Ka[jggj_Yfakek!g^l]f!^gje!_Yk+!eYafdq!AM
1
!l`jgm_`!`]l]jg^]j,

e]flYlan]!dY[la[!Y[a\!^]je]flYlagf-!Q`ak!_Yk!^gjeYlagf!g^l]f![Ymk]k!

eYkkan]!\qk^mf[lagfk! af! l`]! [gmfl]j[mjj]fl!eap]j! 'dgkk]k! af!`]Yl!

ACDMG!/2! PmeeYjq!g^!j]kmdlk!^jge!dYZgjYlgjq!ljaYdk!^gj!af`aZalagf!g^!_jgol`!'af!e_.J!g^!fYlmjYd!YflaZY[l]jaYdk(

ACD&!/2! VmkYee]f^Ykkmf_!\]j!Cj_]Zfakk]!\]j!JYZgjn]jkm[`]!rmj!Rfl]j\j� [cmf_!\]k!TY[`klmek!'af!e_!fYl� jda[`]!@agklYZadakY,

lgj]f.J(

Njg\m[l!.!Njg\mcl! Fgh!#,Y[a\k!.!Fgh^]f,#,P� mj]! Ogkaf!Y[a\k!.!FYjrk� mj]f! Kqjakla[!Y[a\!.!Kqjaklafk� mj]

Fgmjk!!.!Plmf\]f!! 13! 37! 61! 13! 37! 61! 13! 37! 61
J082! 4! 0/! 1/! 04! 04! 3/! 0//! 01/! 07/
J232! 3! 3/! 3/! 0/! 1/! 1/! 07/! =2//! =2//
J373! 4! 0/! 3/! 0/! 04! 3/! 1//! =2//! =2//
Kap]\![mdlmj]!.!Kak[`cmdlmj! 4! 4! 5/! 0/! 0/! 1/! 7/! 0//! 1//

7KI&!))2!O]egnYd!g^!\]pljYf!h]dd]lk!'FjmkgnYfq+!0888![YehYa_f(

3DD&!))2!Cfl^]jfmf_!ngf!B]pljYfYZdY_]jmf_]f!'FjmkgnYfq+!IYe,

hY_f]!0888(

J373!<!?(!JK[XVGSOIYR-!Ba]!S]jkm[`]!omj\]f!ae!Paff]!ngf!Q]klk!

rmj!Cj^Ykkmf_!\]j!eafaeYd]f!F]eecgfr]fljYlagf!af!PmZe]jkcmd,

lmj!\mj[`_]^� `jl-!?dk!Va]d_j� � ]f!omj\]f!\a]!I]ae\a[`l]!'Qj� Zmf_!

\]j!J� kmf_(+!\]j!hF,T]jl+!\]j!E]`Ydl!Yf!J,!mf\!B,Kad[`k� mj]+!\]j!

B]pljYf_]`Ydl! kg!oa]!\a]!KgfgkY[[`Yja\]!Edm[gk]!mf\!Djm[lgk]!

^]kl_]d]_l-!BY!hjYclak[`!Ydd]!NYjYe]l]j!rm!\]f!_d]a[`]f!Cj_]Zfakk]f!

Z]r� _da[`!\]j!TajckYec]al!\]j!Njg\mcl]!^� `jl]f!s!fmj!af!]afa_]f!

D� dd]f!cgffl]!\a]!B]pljYfZad\mf_!ae!S]j_d]a[`!rmj!P� mj]Zad\mf_!

eal!_]jaf_]j]f!Igfr]fljYlagf]f!_]klghhl!o]j\]f!s+!dYkk]f!ka[`!\a]!

Cj_]Zfakk]!af!_]kljY^^l]j!Dgje!af!QYZ]dd]!6!rmkYee]f^Ykk]f-

Fgh^]f,#,P� mj]f!kaf\!Z]j]alk!af!Igfr]fljYlagf]f!ngf!4s0/!e_.J!

� Z]j!13!`!oajckYe+!^� j!]af]!PlYZadal� l! � Z]j!61!`!kaf\!1/s3/!e_.

J! b]!fY[`!PlYee!Ymkj]a[`]f\-! Ge!DYdd]!\]j!FYjrk� mj]f! kaf\!\a]!

oajckYe]f!Igfr]fljYlagf]f!^� j!13!`!]loYk!`� `]j+!\a]k]!Igfr]fl,

jYlagf]f!j]a[`]f!YZ]j!\Y^� j!Ym[`! � Z]j!61!`-!?e!o]fa_kl]f!oajc,

kYe!akl!Kqjaklafk� mj]+!� Z]j!13!`!cYff!eYf!eal!0//s1//!e_.J!]af]!

PlYZadaka]jmf_!]jj]a[`]f+!� Z]j!61!`!kaf\!\Yrm!K]f_]f!=2//!e_.J!

]j^gj\]jda[`-! L]Z]f! \]f!O]afrm[`lkl� ee]f!omj\]! Ym[`! ]af]! ae!

@]j]a[`!\]k!O� Z]foYk[``Ymk]k!_]ogff]f]!tKak[`cmdlmju! af!\a]!

Rfl]jkm[`mf_]f!]afZ]rg_]f-!Ba]!Cj_]Zfakk]!oYj]f!\]f]f+!\a]!eal!

\]f!O]afcmdlmj]f!]jra]dl!omj\]f+!k]`j!� `fda[`-

Bmj[`!\a]!af!\]f!JYZgjn]jkm[`]f!Z]kl� la_l]!_ml]!TajckYec]al!ngf!

rmeaf\]kl!ro]a!\]j!\j]a!fYl� jda[`]f!@agklYZadakYlgj]f!]j_YZ]f!ka[`!

fmf!]afa_]!afl]j]kkYfl]!?kh]cl]!^� j!\a]!NjYpak-!NjgZd]e]!\mj[`!e],

kgh`ad]!Kacjggj_Yfake]f! lj]l]f!Z]a!\]j!eg\]jf]f!Vm[c]j_]oaf,

fmf_!`Ymhlk� [`da[`! ae!kg!_]fYffl]f!tcYdl]fu!Og`kY^lZ]j]a[`+! af!

I� `doYkk]jkqkl]e]f!mf\!Z]a!\]j!O� Z]fdY_]jmf_!Ym^-

Vme!cYdl]f!Og`kY^lZ]j]a[`! da]_]f! ngj! Ydd]e!@]gZY[`lmf_]f!Ymk!

\]j!NjYpak!ngj-!BY!\a]!Kacjggj_Yfake]f!ealmfl]j!Ym[`!EYk!Zad\]f!

'AM
1
;!`]l]jg^]je]flYlan]!Kad[`k� mj]_� jmf_(+!cYff!]k!rm!eYkkan]f!

Pl� jmf_]f!af!\]j!E]_]fkljge,P[`falr]deYak[`]!cgee]f!'Lan]Ym,

k[`oYfcmf_]f+! k[`d][`l]j! T� je]YmklYmk[`(-! �Z]j! \a]! ]j^gd_,

j]a[`]! @]k]ala_mf_! \]jYjla_]j! P[`oa]ja_c]al]f! fY[`! ?hhdacYlagf!

ngf!fYl� jda[`]f!@agklYZadakYlgj]f!omj\]!Z]j]alk!ae!]jkl]f!Q]ad!\]j!

?jZ]al!Z]ja[`l]l-!Sgj!Ydd]e!Ym[`!\]j!T][`k]d!\]j!Njg\mcl]!^� `jl]!af!

\]f!`]aeak[`]f!DYZjac]f!rmj!S]jZ]kk]jmf_!\]j!PalmYlagf-

DadljYlagfkhjgZd]e]!fY[`!\]j!1-!AYjZgfYlYlagf!ae!T]jc!Fg`]fYm!

af!\]j!IYehY_f]!1//3+!`]jngj_]jm^]f!\mj[`!B]pljYfYZdY_]jmf_]f!

Ym^!\]f!Dadl]jl� [`]jf+!oYj]f!]Z]f^Yddk!Ym^!eacjgZagdg_ak[`]!?cla,

nal� l]f!ae!cYdl]f!Og`kY^lZ]j]a[`!rmj� [crm^� `j]f-!Caf]!Bgka]jmf_!

ngf!@agklYZadakYlgj]f!cgffl]!]af]!S]jZ]kk]jmf_!\]j!PalmYlagf!`]j,

Z]a^� `j]f-

Caf! kh]ra]dd! ^� j! ~kl]jj]a[`! afl]j]kkYfl]k! CafkYlr_]Za]l! kl]dd]f!

I� `doYkk]jkqkl]e]!\Yj-!?m^!Ejmf\! ]af]j! af!f� [`kl]j!V]al! rm! ]j,

oYjl]f\]f!E]k]lr]k� f\]jmf_+!Z]a!o]d[`]j!\]j!CafkYlr!ngf![`dgj,

YZkhYdl]f\]f!S]jZaf\mf_]f! \mj[`! n]jk[`� j^l]!?m^dY_]f! \]mlda[`!

]jk[`o]jl! o]j\]f! oaj\! 'LY[`o]ak! \]j!?MU'Y\kgjZa]jZYj]! gj_Y,

fak[`]!FYdg_]f](,Dj]a`]al;!c]af]!?mkfY`e]!^� j!A`dgj\agpa\(+!omj,

\]!\a]!TajckYec]al!\]j!Njg\mcl]!af!\]f!d]lrl]f!IYehY_f]f!_]l]k,

l]l-!�Z]j!dYm^]f\]!S]jZ]kk]jmf_]f!Z]a!\]j!PY^lYZk[`]a\mf_!cgeel!

]k!af!� kl]jj]a[`ak[`]f!T]jc]f!fmj!n]j]afr]dl!rm!NjgZd]e]f!\mj[`!
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]p[`Yf_]+!d]n]d!nYjaYlagf+!]l[-(-!Q`]!]daea,

fYlagf!g^!km[`!ljgmZd]k!Zq!Yhhda[Ylagf!g^!

fYlmjYd! YflaZY[l]jaYdk! `Yk! Z]]f! j]hgjl]\!

gf! k]n]jYd! lae]k! af! l`]! hYkl-! Q`]! [ge,

egf!e]l`g\!af!?mkljaYf!km_Yj!^Y[lgja]k!lg!

Ydl]jfYl]!l`]!hjg\m[lk!`Yk!Z]]f!n]jq!km[,

[]kk^md!af!l`ak!Yj]Y-

Bmjaf_!l`]!1//3![YehYa_f!^adljYlagf!hjgZ,

d]ek! [Ymk]\! Zq! \]pljYf! h]dd]lk! gf! ^adl]j!

[dgl`k!Y^l]j! l`]!k][gf\![YjZgfYlYlagf!Yh,

h]Yj]\! af!Fg`]fYm! km_Yj! ^Y[lgjq-! Gl!oYk!

hgkkaZd]! lg! j]\m[]! l`]k]! ljgmZd]k! oal`!

\gkaf_!g^!fYlmjYd! YflaZY[l]jaYdk-!?mkljaYf!

km_Yj! ^Y[lgja]k! Yj]! ]kh][aYddq! afl]j]kl]\!

af! hgkkaZadala]k! ^gj! Yhhda[Ylagf! g^! fYlmjYd!

YflaZY[l]jaYdk! af! l`]! [ggdaf_! oYl]j! [aj,

[mal-! Bm]! lg! [`Yf_]k! lg! l`]! JYo! af! l`]!

f]Yj! ^mlmj]+! o`a[`! eYkkan]dq! [gehda[Yl]!

Yf! Yhhda[Ylagf! g^! [`]ea[Yd! [gehgmf\k!

o`a[`! khdal! g^^! [`dgjaf]! 'n]ja^a[Ylagf! g^!

?MU'Y\kgjZYZd]! gj_Yfa[! `Ydg_]fk(,^j]]!

k]oY_]+!fg!]p]ehlagf! ^gj![`dgjaf]!\agp,

a\](+! l`]! ]^^][lan]f]kk! g^! l`]! l`j]]! hjg\,

m[lk!`Yk!Z]]f!l]kl]\!af!l`]!1//2!Yf\!1//3!

[YehYa_fk-

@][Ymk]!g^!kl]Y\adq!gf_gaf_!ghlaearYlagfk!

af!l`]!bma[]!k]hYjYlagf!Yj]Y+!hjgZd]ek!oal`!

kdae]![gn]jaf_k!gf!h]j[gdYlaf_!^adl]j!hYjlk!

g[[mjj]\! gfdq! khgjY\a[Yddq! af! l`]! [ggd,

af_!oYl]j![aj[malk!g^!dg[Yd!km_Yj!^Y[lgja]k-!

Bmjaf_!Y!^]o!h]jag\k!af!l`]!dYkl!log!q]Yjk+!

o`]f! kdae]! [gn]jaf_k! Yhh]Yj]\+! al! oYk!

hgkkaZd]!lg!afn]kla_Yl]!l`]!]^^][lan]f]kk!g^!

Ydd! l`j]]! hjg\m[lk-! Pmjhjakaf_dq+! eqjakla[!

Y[a\!Yf\! jgkaf! Y[a\k! k`go]\! l`]!Z]kl! ]^,

^][lk!af!l`]k]!l]klk-

Q`]!^gjeYlagf!g^!kdae]!Yf\!l`]!]^^][lan],

f]kk!g^!hjg\m[lk!Y_Yafkl!al!`Yn]!Z]]f!\g[,

me]fl]\!naY! j]egnYZd]!h]j[gdYlaf_! ^adl]j!

hYjlk-! Gf! l`]! l]klk! Y_Yafkl! l`]! kdae]! [gn,

]jaf_k+!k`g[c!\gkaf_!oYk!em[`!egj]!]^,

^][lan]!Yf\!]Yka]j!lg!h]j^gje-!Q`]!Yhhda]\!

Yegmfl!g^!kmZklYf[]k!oYk![Yd[mdYl]\![gf,

ka\]jaf_! l`]! [gklk! g^! ! `qhg[`dgjal]-! Q`]!

Yhhda[Ylagf!g^!5!\gkY_]k!gn]j!Y!h]jag\!g^!

13!`!oYk!km^^a[a]fl!lg!hjY[la[Yddq![d]Yj!g^^!

l`]!ZY[l]jaYd![gn]jaf_k!'k]]!Da_-!01(-

Q`]!kmhhj]kkagf!g^!ea[jgZaYd!Y[lanala]k!af!

l`]!^a]d\!g^!Z]]l!klgjY_]!ogmd\!j]hj]k]fl!Y!

^mjl`]j!afl]j]klaf_!^a]d\!g^!Yhhda[Ylagf!^gj!

fYlmjYd!YflaZY[l]jaYdk-!Nj],ljaYdk!`Yn]!Z]]f!

h]j^gje]\!oal`!Z]]l!kda[]k!gf!l`]!dYZgjY,

lgjq!k[Yd]-!?^l]j!Y!\]]h!^j]]raf_!h]jag\!g^!

k]n]jYd!\Yqk!l`]!Z]]l!kda[]k!o]j]!\]^jgkl]\!

Yf\! \ahh]\! aflg! \admlagfk! g^! fYlmjYd! Yf,

laZY[l]jaYdk-! ?^l]joYj\k! l`]! kda[]k! o]j]!

af[mZYl]\!Yl!14!{A!^gj!61!`-!Q`]!]ph]ja,

e]fl!oYk!h]j^gje]\!lg!kaemdYl]!]plj]e]!

k]llaf_k! ^gj! l`]! klgjY_]! g^! \]l]jagjYl]\!

km_YjZ]]lk-!CklYZdak`]\![jal]jaY!o]j]!ghla,

[Yd![`Yf_]k!af!l`]!Z]]l!kda[]k!'kmh]j^a[aYd!

_jgol`! g^! ea[jggj_Yfakek(! Yk! o]dd! Yk! Y!

7KI&!)*2! O]egnYZd]!h]j[gdYlaf_!^adl]j!hYjlk!Z]^gj]!'d]^l(!Yf\!Y^l]j!'ja_`l(!Yhhda[Ylagf!g^!

eqjakla[!Y[a\

3DD&!)*2!F]jYmkf]`eZYj]!Qjgh^c� jh]j!ngj!'dafck(!mf\!fY[`!'j][`lk(!Bgka]jmf_!ngf!Kq,

jaklafk� mj]

7KI&!)+2! @]]l!kda[]k!oal`!'ja_`l(!Yf\!oal`gml!'d]^l(!lj]Yle]fl!oal`!jgkaf!Y[a\k

3DD&!)+2!O� Z]fk[`]aZ]f!eal!'j][`lk(!mf\!g`f]!'dafck(!@]`Yf\dmf_!\mj[`!FYjrk� mj]f

7KI&!),2! PlgjY_]!g^!\]l]jagjYl]\!Z]]lk!oal`!'ja_`l(!Yf\!oal`gml!'d]^l(!lj]Yle]fl!oal`!jgkaf!

Y[a\k

3DD&!),2!JY_]jmf_!ngf!Ydl]ja]jl]f!O� Z]f!eal!'j][`lk(!mf\!g`f]!'dafck(!@]`Yf\dmf_!\mj[`!

FYjrk� mj]f
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P[`d]aeYZdY_]jmf_]f!Yf!Qjgh^c� jh]jf!af!I� `doYkk]jkqkl]e]f-!Gf!

\a]k]f!o]fa_]f!D� dd]f!cgffl]f!af!\]f!IYehY_f]f!1//2!mf\!1//3!

Ydd]! \j]a! Njg\mcl]! _]l]kl]l! o]j\]f-! Gfl]j]kkYfl]jo]ak]! cgffl]f!

\YZ]a!eal!FYjrk� mj]f!mf\!Kqjaklafk� mj]!\a]!Z]kk]j]f!Cj_]Zfakk]!

]jra]dl! o]j\]f-! P[`d]aeZad\mf_! mf\! \a]! Tajcmf_! \]j! Njg\mcl]!

omj\]f! Yf`Yf\! ]af]k! `]jYmkf]`eZYj]f! Qjgh^c� jh]jk! n]j^gd_l-!

Dj� `r]ala_!]joa]k!ka[`!Ym[`!af!\a]k]e!DYdd!]af]!P[`g[c\gka]jmf_!

_]_]f� Z]j! ]af]j! cgflafma]jda[`]f! Bgka]jmf_! Ydk! oajckYe]j-! Ba]!

]af_]k]lrl]f! K]f_]f! gja]fla]jl]f! ka[`! \YZ]a! Yf! \]f! Igkl]f+! eal!

\]f]f!Z]a!S]jo]f\mf_!ngf!Fqhg[`dgjal!_]j][`f]l!o]j\]f!emkk-!

Ba]!S]jYZj]a[`mf_!ngf!Z]akha]dko]ak]!5!Pl� � ]f!aff]j`YdZ!ngf!13!`!

^� `jl]!hjYclak[`!rmj!ngddkl� f\a_]f!Cfl^]jfmf_!\]j!@]d� _]!Yf!\]f!

Qjgh^c� jh]jf!'?ZZ-!01(-!

Caf!o]al]j]k!afl]j]kkYfl]k!CafkYlr_]Za]l!c� ffl]!\a]!O� Z]fdY_]jmf_!

\Yjkl]dd]f-!Cjkl]!S]jkm[`]!omj\]f! ae!JYZgjeY� klYZ!eal!O� Z]f,

k[`]aZ]f!\mj[`_]^� `jl-!Ba]k]!O� Z]fk[`]aZ]f!omj\]f!la]^_]^jgj]f!

mf\!fY[`!\]e!?m^lYm]f!af!]af]!]flkhj][`]f\]!J� kmf_!]af]k!@ag,

klYZadakYlgjk!_]lYm[`l-!Ge!?fk[`dmkk!omj\]f!ka]!Z]a!14!{A!Zak!rm!!

61!`!_]dY_]jl-!Ba]k]!SgjZ]`Yf\dmf_!kgddl]!\]f!Cplj]e^Ydd!\]j!JY,

_]jmf_!ngf!Ydl]ja]jl]f!O� Z]f!\Yjkl]dd]f-!@]mjl]admf_kcjal]jame!oYj!

gZ]j^d� [`da[`]k! Kacjggj_Yfake]foY[`klme! kgoa]! \]j! hF,T]jl!

\]k!̀ geg_]faka]jl]f!O� Z]feYl]jaYdk-!Ba]k]k!TY[`klme!cgffl]!kg,

og`d!eal!Fgh^]f,#,P� mj]f!Ydk!Ym[`!eal!FYjrk� mj]f!\]mlda[`!n]j,

eaf\]jl!o]j\]f-!Gf!?ZZad\mf_!02!akl!\a]!Tajcmf_!ngf!FYjrk� mj]f!

]jka[`lda[`-

Ba]!_ml]f!Cj_]Zfakk]!\a]k]j!Sgjn]jkm[`]!o� `j]f\!\]j!IYehY_f]!

1//3!cgffl]f!ae!?fk[`dmkk!ae!f� [`kl_j� � ]j]f!KY� klYZ!Z]kl� la_l!

o]j\]f-!BYrm!omj\]f!_Yfr]!O� Z]f!af!Iakl]f!]af_]^jgj]f!'6!QY_]!

Z]a!s11!{A(!mf\!fY[`!\]e!?m^lYm]f!eal!n]jk[`a]\]f!cgfr]flja]jl]f!

@agklYZd� kmf_]f!Z]khj� `l! '0//s4//!e_.c_(-!Ba]!@]mjl]admf_!]j,

^gd_l]!oa]\]jme!Ym^!Ejmf\!ngf!S]j� f\]jmf_]f!Yf!\]j!MZ]j^d� [`]!

ae!S]j_d]a[`!rm!mfZ]`Yf\]dl]f!O� Z]f-!?m[`!Z]a!\a]k]j!S]jkm[`k,

Yfgj\fmf_! cgffl]! fY[`! ]af]j! JY_]jmf_k\Ym]j! ngf! 05!QY_]f! ]af!

\]mlda[`]j!Rfl]jk[`a]\!roak[`]f!Z]`Yf\]dl]f!mf\!mfZ]`Yf\]dl]f!

O� Z]f!_]^mf\]f!o]j\]f-!Caf]f!Caf\jm[c!rmj!Tajcmf_!da]^]jl!?Z,

Zad\mf_!03-

Ba]!Cj_]Zfakk]!oYj]f!kg!na]dn]jkhj][`]f\+!\Ykk!^� j!\a]!IYehY_f]!

1//5!S]jkm[`]!eal!Id]afea]l]f! _]hdYfl! kaf\-! Caf]!?Zk[`� lrmf_!

\]j! Tajlk[`Y^lda[`c]al! ]j_YZ+! \Ykk! \mj[`! S]j`af\]jmf_! \]k! Caf,

Zjm[`k! \]j!S]jYjZ]almf_kd]aklmf_! af! \]j! d]lrl]f!IYehY_f]og[`]!

ngf!01!///!Ym^!0/!///!l.\!mf\!\a]!\Yeal!af!S]jZaf\mf_!kl]`]f\]!

c� jr]j]!IYehY_f]\Ym]j!]af]!CafkhYjmf_!]flkl]`l+!\a]!\]f!CafkYlr!

ngf!@agklYZadakYlgj]f!\mj[`Ymk!oajlk[`Y^lda[`!]jk[`]af]f!d� kkl-! Gf!

\]f!Zak`]ja_]f!S]jkm[`]f!dY_]f!\a]!oajckYe]f!K]f_]f!af!\a]k]j!

Ej� � ]fgj\fmf_-

6! @EJMVTTHPMIGSVOIGO!VOF!3VTDMKEL

?mk_]`]f\!ngf!Fgh^]f,#,P� mj]f!omj\]! af!\]f!d]lrl]f!HY`j]f! af!

~kl]jj]a[`!\a]!TajckYec]al!ngf!FYjrk� mj]f!mf\!Kqjaklafk� mj]!rmj!

@]c�eh^mf_!Zro-!@]_j]frmf_!ngf!Gf^]clagf]f!]fl\][cl-

Ta]!g-Y-!kl]ddl!\]j!CafkYlr!ngf!fYl� jda[`]f!@agklYZadakYlgj]f!af!~k,

l]jj]a[`!f]Z]f! j]af!e][`Yfak[`]f!g\]j! l`]jeak[`]f!KY� fY`e]f!

\a]!]afra_]!K� _da[`c]al!rmj!@]c� eh^mf_!Zro-!rmj!@]_j]frmf_!ngf!

eacjgZagdg_ak[`]f!?clanal� l]f!\Yj-!Gf!~kl]jj]a[`!akl!]k!e]akl!fgl,

o]f\a_+!ae!CpljYclagfkZ]j]a[`!\a]!@ad\mf_!ngf!Kad[`k� mj]!Zak!rm!

]af]j!F� `]!ngf!2//!Zak!3//!e_.c_!Og`kY^l!rmrmdYkk]f+!me!\a]!^� j!

\a]!Qjg[cfmf_!fglo]f\a_]!?mk_Yf_kljg[c]fkmZklYfr!af!\]f!Nj]kk,

k[`falr]df!rm!]jj]a[`]f-!BYrm!o]j\]f!\a]!@agklYZadakYlgj]f!klg� ,

o]ak]!af!\]f!ealld]j]f!g\]j!mfl]j]f!@]j]a[`!\]j!CpljYclagfkl� je]!

\gka]jl+!\a]!K]f_]f!Z]ljY_]f!ae!DYdd]!\]j!Fgh^]f,#,P� mj]f!2s4!_!

\jgh! af! l`]!hF!nYdm]!g^! l`]!`geg_]far]\!Z]]l!eYl]jaYd-!Q`]!Yh,

hda[Ylagf!g^!`gh!#,Y[a\k!Yf\!jgkaf!Y[a\k!kdgo]\!\gof!kmh]j^a[aYd!

_jgol`!g^!ZY[l]jaY!Yf\!egmd\k-!Da_mj]!02!k`gok!l`]!]^^][lan]f]kk!

g^!jgkaf!Y[a\k-!

Q`]!hjgeakaf_!^af\af_k!af!l`]k]!]ph]jae]flk!d]\!lg!ljaYdk!gf!Y!l][`,

fa[Yd!k[Yd]!o`a[`!o]j]![Yjja]\!gml!\mjaf_![YehYa_f!1//39!T`gd]!

Z]]lk!o]j]!klgj]\!af!Zgp]k!af!Y!\]]h!̂ j]]raf_!jgge!'6!\Yqk+!s11!{A(!

Yf\!o]j]!khjYq]\!Y^l]j!l`Yoaf_!oal`!\a^^]j]fldq![gf[]fljYl]\!\adm,

lagfk!g^!fYlmjYd!YflaZY[l]jaYdk!'Y[lan]!kmZklYf[]![gf[]fljYlagf!jYf_,

af_!^jge!0//!lg!4//!e_.c_(-!?_Yaf+!l`]!eYaf![jal]jaY!o]j]!kmh]j,

^a[aYd![`Yf_]k!gf!khjYq]\!km_YjZ]]lk!af![gehYjakgf!oal`!mflj]Yl]\!

Z]]lk-!?^l]j!Yf!af[mZYlagf!lae]!g^!05!\Yqk!al!oYk!hgkkaZd]! lg!gZ,

k]jn]!\]^afal]!\a^^]j]f[]k!Z]lo]]f!lj]Yl]\!Yf\!mflj]Yl]\!Z]]lk-!?f!

aehj]kkagf!g^!l`]!kmh]j^a[aYd!\a^^]j]f[]k!ak!k`gof!af!Da_mj]!03-

Dgj!l`]!1//5![YehYa_f+!Z]]l!klgjY_]!ljaYdk!Yj]!hdYff]\!af!o`a[`!l`]!

Yegmfl!g^!Z]]lk!oadd!Z]!]pl]f\]\!lg!keYdd!Yf\!e]\ame,kar]\!Z]]l!

had]k-!AYd[mdYlagfk!g^!][gfgea[!kYnaf_k!d]\!lg!l`]!̂ gddgoaf_!j]kmdlk9!

Q`]!hj]n]flagf!g^!Y!\jgh!af!Z]]l!hjg[]kkaf_![YhY[alq!g^!Y!km_Yj!^Y[,

lgjq!\mjaf_!l`]!dYkl!o]]c!g^!!Z]]l![YehYa_f+!K(M(!^jge!01+///!l.\!

lg!0/+///!l.\+!j]kmdlk!af!Y!k`gjl]j![YehYa_f!\m]!lg!l`]!mfY^^][l]\!

hjg[]kkaf_! jYl]-!DafYf[aYd! kYnaf_k! ^jge!k`gjl]faf_! l`]![YehYa_f!

ogmd\!bmkla^q!Yf!Yhhda[Ylagf!g^!fYlmjYd!YflaZY[l]jaYdk-!Q`]!j]kmdlk!g^!

hj]daeafYjq!ljaYdk!Yj]!hjgeakaf_!mf\]j!l`ak!][gfgea[!Ykh][l-

6! 5POEMVTKPOT!COF!HVUVSG!CTQGEUT

GfalaYddq!klYjlaf_!oal`!`gh!#,Y[a\k+!gl`]j!kmZklYf[]k!km[`!Yk!jgkaf!

Y[a\k!Yf\!eqjakla[!Y[a\!o]j]!\ak[gn]j]\!Yk!]^^][lan]!Y_Yafkl!ZY[l],

jaYd!af^][lagfk!af!?mkljaYf!km_Yj!^Y[lgja]k!\mjaf_!l`]!dYkl!^]o!q]Yjk-!

?egf_![d]Yjdq!e][`Yfa[Yd!Yf\!l`]jeYd!e]Ykmj]k!Yf!Yhhda[Ylagf!g^!

fYlmjYd! YflaZY[l]jaYdk! j]hj]k]flk! l`]! gfdq! hgkkaZadalq! ^gj! kmhhj]k,

kagf!g^!ZY[l]jaYd!_jgol`!af!?mkljaYf!^Y[lgja]k-

Bm]!lg!kh][aYd![gf\alagfk!af!?mkljaY!al!ak!egkldq!f][]kkYjq!lg!gh]j,

Yl]!oal`![gfljgdd]\!ZY[l]jaYd!_jgol`!af!l`]!]pljY[lagf!Yj]Y!lg!gZlYaf!

dY[la[! Y[a\! [gf[]fljYlagfk! af! jYo! bma[]! g^! YZgml! 2//s3//! e_.J-!

OYak]\!dY[la[!Y[a\!nYdm]k!af!l`]!bma[]k+!\]janaf_!^jge!`]Yna]j!ea[jg,

ZaYd!Y[lanalq+!j]kmdl!af!Z]ll]j!hj]kkYZadalq!g^!l`]!]p`Ymkl]\![gkk]ll]k!

Yf\!^afYddq!e]]l!oal`!\]eYf\]\!kh][a^a[Ylagfk!^gj!hmdh!\jqaf_-!Dgj!

l`Yl!hmjhgk]!fYlmjYd!YflaZY[l]jaYdk!Yj]!Yhhda]\!naY!k`g[c!\gkaf_!aflg!

l`]!ea\\d]!Yf\!dgo]j!hYjlk!g^!]pljY[lagf!lgo]jk!Yf\!f][]kkYjq![gf,

[]fljYlagfk!^gj!`gh!#,Y[a\k!Yegmfl!lg!2s4!_!g^!Y[lan]!kmZklYf[]!h]j!

lgff]!g^!hjg[]kk]\!Z]]l-!Ogkaf!Y[a\k!Yf\!eqjakla[!Y[a\!Yf\!l`]!eap,

lmj]!g^!Zgl`![gehgf]flk!`Yn]!lg!Z]!Yhhda]\!af![gf[]fljYlagfk!g^!0/!

lg!04!_.l!hjg[]kk]\!Z]]l-!Q`]!ghlaeYd!afl]jnYd!Z]lo]]f!log!k`g[ck!

ak!Z]lo]]f!l`j]]!Yf\!^an]!`gmjk+!o`]j]Yk!hF!nYdm]!\]h]f\]fl!\gk,

Y_]k!'[gflafmgmk!e]Ykmj]e]fl!g^!]pljY[lagf!lgo]j!hF!nYdm]k(!`Yn]!

Ydj]Y\q!Z]]f!Yhhda]\!Zq!oYq!g^!ljaYd-!Dmjl`]j!ghlaearYlagfk!Yj]!kladd!

gf_gaf_-!?f! Y\nYflY_]gmk! ]^^][l! [Yf! Z]! gZlYaf]\! Zq! Ydl]jfYlaf_!

mk]!g^!l`]!hjg\m[lk!o`]j]Yk!`gh!#,Y[a\k!Yf\!Y!eaplmj]!g^!jgkaf!Y[,

a\k!Yf\!eqjakla[!Y[a\!`Yn]!Z]]f!mk]\!j][]fldq-!Q`ak!eaplmj]!ak!]n]f!

klgjYZd]!Yl!dgo!l]eh]jYlmj]k+!fg!hj][ahalYlagfk!g^!kgda\k!g[[mj!Yf\!

`]Ylaf_!Z]^gj]!Yhhda[Ylagf!ak!fgl!f][]kkYjq-

Dmjl`]j!^af\af_k!j]n]Yd]\!Y!_gg\!]^^][l!oal`!kaf_d]!\gkY_]k!'gf[]!

gj! loa[]! Y! \Yq(! aflg! l`]! [gmfl]j[mjj]fl!eap]j!o`a[`! Ykkmeaf_dq!

j]kmdl!af!af`aZalagf!g^!`]l]jg^]je]flYlan]!dY[la[!Y[a\!^gjeYlagf!Yf\!

Z]ll]j!jmffaf_!g^!l`]![gmfl]j[mjj]fl!eap]j-

@]ka\]k!Yhhda[Ylagfk!af!]pljY[lagf+!fYlmjYd!YflaZY[l]jaYdk!o]j]!km[,

[]kk^mddq!Yhhda]\!af!^a]d\k!km[`!Yk!l`a[c!bma[]!klgjY_]+!agf!]p[`Yf_,

]jk!Yf\!af!l`]![gd\!jYo!bma[]!Yj]Y(!

O][]fl!̂ af\af_k!d]\!lg!kqkl]eYla[!afn]kla_Ylagfk!gf!l`]!]^^][lan]f]kk!

g^!fYlmjYd!YflaZY[l]jaYdk!Y_Yafkl!e]kgh`ada[!kdae],^gjeaf_!ZY[l]jaY-!
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Gf!dYZgjYlgjq!]ph]jae]flk!`gh!#,Y[a\k!Yf\!jgkaf!Y[a\k!o]j]!egj]!

]^^][lan]!l`Yf!eqjakla[!Y[a\-!Gf!hjY[la[]!hgkalan]!]^^][lk!af!l`]![gd\!

jYo!bma[]!Yj]Y!o]j]!j]h]Yl]\dq![gf^aje]\-!Gf![ggdaf_!oYl]j![aj[malk!

jgkaf!Y[a\k!Yf\+!kmjhjakaf_dq+!eqjakla[!Y[a\!h]j^gje]\!l`]!Z]kl-!?h,

hda[Ylagfk!g^!l`]!hjg\m[lk+!]kh][aYddq!`gh!#,Y[a\k!Yf\!jgkaf!Y[a\k+!

\]egfkljYl]\![d]Yj!af`aZalagf!g^!kmh]j^a[aYddq!_jgoaf_!ea[jggj_Yf,

akek!af!l`]!^a]d\!g^!Z]]l!klgjY_]-

Agfka\]jYlagfk!g^!Yhhda[Ylagfk!gmlka\]!l`]!km_Yj!af\mkljq!`Yn]!Ydkg!

Z]]f!j]^d][l]\!Zml!Yj]!fgl!oal`af!l`]!k[gh]!g^!l`ak!hYh]j-

?GHGSGOEGT!'!=KUGSCUVS!
! 0! <TQQGYW&! 9(3! BTQQGIN&! ;(! '0875(9! S]jZ]kk]jmf_! \]j! P[`falr]dYZhj]kkmf_!

\mj[`!_]kl]m]jl]!Gf^]clagf-!Vm[c]jaf\-!000+!0/14s0/2/
! 1! BTQQGIN3!;(3!<TQQGYW&!9(!'0877(9!Lmlrmf_!KgfgkY[[`Yja\,YZZYm]f\]j!Gf,

^]clagf]f!af!\]j!CpljYclagf!ro][ck!S]jZ]kk]jmf_!\]j!P[`falr]dYZhj]kkmf_-!
Vm[c]jaf\-!002+!021s025

! 2! <TQQGYW&!9(3!BTQQGIN3!;-!'0882(9!Rfl]jkm[`mf_]f!� Z]j!\]f!KgfgkY[[`Yja\,
?ZZYm!o� `j]f\!\]j!O� Z]f]pljYclagf-!Vm[c]jaf\-!007+!058s068

! 3! BTQQGIN&!;(3!<KOS&!E(3!<TQQGYW&!9(!'0885(9!CafkYlr!ngf!Fgh^]fhjg\mcl]f!Ydk!
@Ycl]jagklYla[me!af!\]j!Vm[c]jaf\mklja]!'Rk]!g^!`gh!hjg\m[lk!Yk!ZY[l]jag,
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Chapter three

Verfahren zur Silierung. / Method for ensiling.

Walter Hein and Florian Emerstorfer
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ALYLHXJO 1XZPJRL

GTRTXeTS3 +0 ?d[h +)*) GTeXbTS3 +- ;TQadPah +)** 5RRT_cTS3 0 BPaRW +)** EdQ[XbWTS ^][X]T X] LX[Th D][X]T AXQaPah3

#fX[Th^][X]T[XQaPah'R^\$ 8D> *)'*))+(YbUP'--*/

1VVRPJHZPUT UM VRHTZ$IHYLK HTZPSPJXUIPHRY
MUX ZOL NXU]ZO PTOPIPZPUT UM JRUYZXPKPH
PT VXLYYLK ILLZ V[RV YPRHNL

6RUXPHT 5SLXYZUXMLX#H! EHRZLX 8LPT#H ALPTOHXK ALYJO#I 5XPJO = @ULZYJO#I

DRXPQL GPZ`J HTK EURMNHTN ;TLPMLRJ

1IYZXHJZ

213;7A?D>40 9T ZOPY YZ[K_ ZOL PTOPIPZPUT UM OUV ILZH HJPKY UT ZOL NXU]ZO UM JRUYZXPKPH PT YUPR$JUTZHSPTHZLK VXLYYLK Y[NHX ILLZ
V[RV YPRHNLY ]HY PT\LYZPNHZLK% 8UV ILZH HJPKY HXL THZ[XHR Y[IYZHTJLY ]OPJO KPYVRH_ ZOLPX LMMLJZ HZ RU] JUTJLTZXHZPUTY% 6XLYO
VXLYYLK ILLZ V[RV SHZLXPHR ]HY SP^LK ]PZO YUPR ZU HXZPaJPHRR_ JUTZHSPTHZL PZ ]PZO JRUYZXPKPH% <HIUXHZUX_ YPRUY ]LXL aRRLK ]PZO ZOL
Y[IYZXHZL# YZUXLK HZ (+ "3 HTK UVLTLK MUX YHSVRPTN HZ &# (# .# '+# )&# ,&# HTK /& KH_Y% COL PSVHJZ UT JRUYZXPKPHR NXU]ZO K[XPTN
YPRHNL MLXSLTZHZPUT ]HY SUTPZUXLK I_ KLZLXSPTHZPUT UM ZOL V8 \HR[L HTK KX_ SHZZLX JUTZLTZ# HY ]LRR HY JOLSPJHR HTHR_YPY UM ZOL
MLXSLTZHZPUT VXUK[JZY% COXU[NOU[Z ZOL L^VLXPSLTZY# ZOL LMMLJZ UM H JUSSLXJPHR YPRHNL PTUJ[RHTZ IHYLK UT RHJZPJ HJPK IHJZLXPH
!<12" HTK OUV$XLYPYZHTZ <12 ]LXL L^HSPTLK ]PZO HTK ]PZOU[Z ZOL JUSIPTHZPUT UM VRHTZ$IHYLK HTZPSPJXUIPHRY%

A5BD<CB0 ALY[RZY PTKPJHZL ZOHZ PT JUTZHSPTHZLK YPRHNL YHSVRLY ]PZOU[Z HT_ HKKPZP\LY OPNO I[Z_XPJ HJPK JUTZLTZY UJJ[XXLK K[L
ZU JRUYZXPKPHR NXU]ZO% COPY YVUPRHNL JU[RK TUZ IL Y[VVXLYYLK I_ ZOL HVVRPJHZPUT UM <12# ]OLXLHY ZOL JUSIPTLK HVVRPJHZPUT UM
<12 HTK OUV ILZH HJPKY YPNTPaJHTZR_ PSVXU\LK YPRHNL W[HRPZ_# ]OPJO ]HY XLbLJZLK I_ MH\U[XHIRL UXNHTPJ HJPK JUSVUYPZPUT
!! " &!&+"%

3?>3<DB9?>0 COL L^VLXPSLTZHR KHZH PTKPJHZL ZOHZ ZOL HVVRPJHZPUT UM OUV ILZH HJPKY PSVXU\LY ZOL VXLYLX\HZPUT LMMLJZ UM
<12 PT Y[VVXLYYPTN JRUYZXPKPHR NXU]ZO PT YPRHNLY HTK ZO[Y KLSUTYZXHZLY YUSL VUZLTZPHR MUX ZOL JUSIPTLK [YL UM VRHTZ$IHYLK
HTZPSPJXUIPHRY HTK <12%
J! (&'' BUJPLZ_ UM 3OLSPJHR 9TK[YZX_

;L_]UXKY0 P]cX\XRa^QXP[b4 bX[PVT b_^X[PVT4 W^_ QTcP PRXSb4 R[^bcaXSXP4 QdchaXR PRXS

9>CA?4D3C9?>
>] cWT TPa[h *22)b _[P]c&QPbTS P]cX\XRa^QXP[b fTaT X]ca^SdRTS X]

cWT bdVPa X]Sdbcah Pb P] P[cTa]PcXeT c^ U^a\P[STWhST% X] ^aSTa

c^ R^\QPc cWTa\^_WX[XR QPRcTaXP fXcWX] cWT bdVPa _a^SdRcX^]

_a^RTbb' =^_ QTcP PRXSb fTaT U^d]S c^ QT P bdXcPQ[T P__[XRPcX^]

U^a cWT R^]ca^[ ^U \XRa^QXP[ Va^fcW X] cWT bdVPa TgcaPRcX^] PaTP%

Pb cWTh PaT fT[[ Z]^f] U^a cWTXa P]cX\XRa^QXP[ TUUTRc P]S P[b^

cWTXa _a^eT] bPUT WXbc^ah X] cWT QaTfX]V X]Sdbcah'*j, HX\X[Pa[h%

a^bX] PRXSb P[b^ PRc Pb _aTbTaePcXeTb P]S WPeT QTT] dbTS c^

_aTeT]c cWT b_^X[PVT ^U aTcbX]P% P ch_XRP[ <aTTZ fX]T' >] PSSXcX^]%

UPcch PRXSb% R^\\^][h U^d]S X] _[P]c ^X[b P]S SPXah _a^SdRcb%

WPeT ST\^]bcaPcTS cWTXa QT]TlRXP[ _a^_TacXTb X] P ePaXTch ^U

P__[XRPcX^]b'-j2 DfX]V c^ cWT QT]TlRXP[ PccaXQdcTb TgWXQXcTS

Qh bdRW ]PcdaP[ P]cXQPRcTaXP[b% X]]^ePcXeT R^]RT_cb U^a cWTXa

P__[XRPcX^] QTRP\T TeXST]c X] ^cWTa PaTPb ^U bdVPa _a^SdRcX^]%

fWTaT% U^a TgP\_[T% b[X\T&U^a\X]V QPRcTaXP P]S R[^bcaXSXP R^d[S

QT X]WXQXcTS'*) IWa^dVW^dc bdQbT`dT]c bcdSXTb% Xc fPb SXbR^eTaTS

cWPc P \PY^a _a^_^acX^] ^U cWT bdQbcP]RTb P__[XTS X] cWT TgcaPRcX^]

PaTP fTaT _aTbT]c X] cWT l]P[ _aTbbTS QTTc _d[_'**%*+ 5[cW^dVW

]^ _a^Q[T\b WPeT QTT] aT_^acTS X] aT[PcX^] c^ aTbXSdP[ caPRTb

^U P]cXQPRcTaXP[b X] cWT _aTbbTS _d[_ X] cWT R^dabT ^U bX[PVT

_a^SdRcX^]% ]^ UdacWTa aTbTPaRW PRcXeXcXTb fTaT RPaaXTS ^dc X]

cWXb SXaTRcX^]' =^fTeTa% P[aTPSh X] *222% E^[[PRW JX FP' Pbbd\TS

cWPc _^bXcXeT TUUTRcb R^d[S QT [X]ZTS c^ bdQbcP]RT aT\]P]cb X] cWT

_aTbbTS _d[_% Pb X]WXQXcX^] ^U d]fP]cTS Va^d_b ^U \XRa^^aVP]Xb\b

fPb aT_^acTS'*,%*- GTbd[cb Ua^\ _aT[X\X]Pah bcdSXTb fXcW _[P]c

QPbTS P]cX\XRa^QXP[b R^]la\TS bdRW Tg_TRcPcX^]b P]S X]SXRPcTS

X\_a^eTS X]WXQXc^ah TUUTRcb fWT] R^\QX]TS fXcW QPRcTaXP[ bX[PVT

X]^Rd[P]cb'

IPZX]V X]c^ R^]bXSTaPcX^] cWTbT l]SX]Vb% cWT _aTbT]c bcdSh

fPb RPaaXTS ^dc c^ UdacWTa TgP\X]T cWT _^cT]cXP[ ^U _[P]c&QPbTS

P]cX\XRa^QXP[b X] cWT lT[S ^U bX[PVT _a^SdRcX^]% Pb Xc WPb QTR^\T

TeXST]c cWPc R[^bcaXSXP PaT bT]bXcXeT c^fPaSb cWTbT bdQbcP]RTb

^fX]V c^ cWTXa RT[[ fP[[ bcadRcdaT' ;dacWTa\^aT% R[^bcaXSXP PaT

" 1SVVJWTSRIJRHJ XS- 4PSVNFR 3QJVWXSVKJV! EYHOJVKSVWHMYRL AYPPR 5QG6!

8SWJK"?JNXMJV"@XVFWWJ &%_&'! '('$ AYPPR! /YWXVNF#

3"QFNP- bSVNFR#JQJVWXSVKJV.^YHOJVKSVWHMYRL#FX

P EYHOJVKSVWHMYRL AYPPR 5QG6! '('$ AYPPR! /YWXVNF

Q /LVNHYPXYVFP ?JWJFVHM FRI 3IYHFXNSR 1JRXVJ ?FYQGJVL"5YQTJRWXJNR! ?FYQ"

GJVL '+! +,)& 7VIRNRL! /YWXVNF

R BRNZJVWNX] SK <FXYVFP ?JWSYVHJW FRI /TTPNJI 9NKJ @HNJRHJW! CNJRRF! ;YXMLFWWJ

%+! %%,$ CNJRRF! /YWXVNF

8 @HN 4SSI /LVNH #+)**$ fff'b^RX'^aV R! +)** H^RXTch ^U 7WT\XRP[ >]Sdbcah
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fff'b^RX'^aV ; 9\Tabc^aUTa JX FP'

CHIRL '% IaTPc\T]c R^\QX]PcX^]b _aT_PaTS X] cWT bX[PVT Tg_TaX\T]c

IaTPc\T]c 5QQaTeXPcX^]

* J]caTPcTS _aTbbTS _d[_ JEE

+ H^X[&R^]cP\X]PcTS _aTbbTS _d[_ H7EE

, H^X[&R^]cP\X]PcTS _aTbbTS _d[_ % U^a\XR PRXS H7EE % ;5

- H^X[&R^]cP\X]PcTS _aTbbTS _d[_ % 6^]bX[PVT U^acT H7EE % 6U

. H^X[&R^]cP\X]PcTS _aTbbTS _d[_ % 6^]bX[PVT U^acT % .) \V ZV'* W^_ QTcP PRXSb H7EE % 6U % .) =65

/ H^X[&R^]cP\X]PcTS _aTbbTS _d[_ % 6^]bX[PVT U^acT % *)) \V ZV'* W^_ QTcP PRXSb H7EE % 6U % *)) =65

0 H^X[&R^]cP\X]PcTS _aTbbTS _d[_ % W^_&aTbXbcP]c A56 H7EE % WaA56

1 H^X[&R^]cP\X]PcTS _aTbbTS _d[_ % W^_&aTbXbcP]c A56 % .) \V ZV'* W^_ QTcP PRXSb H7EE % WaA56 % .) =65

2 H^X[&R^]cP\X]PcTS _aTbbTS _d[_ % W^_&aTbXbcP]c A56 % *)) \V ZV'* W^_ QTcP PRXSb H7EE % WaA56 % *)) =65

P\^]V cWT \^bc X\_^acP]c b_^X[PVT \XRa^^aVP]Xb\b X] bX[PVT

_a^SdRcX^] P]S cWTaTU^aT TUUTRcXeT P]S aT[XPQ[T P]cX\XRa^QXP[b PaT

X] \dRW ST\P]S'*.j*0

5F@5A9=5>C1<
BUPR MUX JUTZHSPTHZPUT

7[^bcaXSXP[ R^]cP\X]PcX^] fPb PRWXTeTS Qh PS\XgX]V STl]TS

_^acX^]b ^U b^X[ c^ cWT _aTbbTS QTTc _d[_' IWT b^X[ \PcTaXP[ fPb

R^[[TRcTS Ua^\ cWT _aT\XbTb ^U cWT bdVPa UPRc^ah% X] Id[[] #5dbcaXP$%

bTeTaP[ fTTZb _aX^a c^ cWT caXP[ P]S RPaTUd[[h SaXTS X] P SahX]V

^eT] Pc .) #7' HdQbT`dT]c[h% cWT \PcTaXP[ fPb bXTeTS c^ aT]STa

P l]T bcadRcdaT bdXcPQ[T U^a _a^_Ta \XgX]V' EaX^a c^ cWT \XRa^QXP[

\^]Xc^aX]V caXP[% cWT b^X[ fPb \XgTS P]S bP\_[TS #. ( *)) V$ P]S

cWT R[^bcaXSXP[ b_^aT R^d]cb fTaT STcTa\X]TS'

BPRHNL VXLVHXHZPUT

HX[PVTb fTaT _aT_PaTS fXcW R^]eT]cX^]P[ bdVPa QTTc _d[_

^aXVX]PcX]V Ua^\ cWT bdVPa UPRc^ah% X] Id[[]% X] C^eT\QTa +))1' 5c

cWT ^]bTc ^U cWT caXP[% UaTbW \PcTaXP[ fPb R^[[TRcTS SXaTRc[h Ua^\ cWT

_d[_ _aTbbTb% \XgTS cW^a^dVW[h% bP\_[TS P]S fPb X\\TSXPcT[h

bdQYTRcTS c^ RWT\XRP[ P]P[hbXb'

IWT \XgX]V ^U _aTbbTS _d[_ P]S cWT PSSXcX^] ^U b^X[ P]S

PSSXcXeTb fPb _TaU^a\TS X] P R^]eT]cX^]P[ R^]RaTcT \XgTa' ;Xabc%

b^X[ fXcW R[^bcaXSXP[ R^]cP\X]P]cb fPb PSSTS c^ cWT _aTbbTS _d[_

#/'+. V ZV'* UaTbW \PccTa$% P]S cWT] cWT bX[PVT PSSXcXeTb P]S _[P]c

P]cX\XRa^QXP[ b^[dcX^]b fTaT b_aPhTS ^]c^ cWT _aTbbTS _d[_ Qh

\TP]b ^U b_aPhTa Q^cc[Tb #*. V ZV'* UaTbW \PccTa$' >] cWT RPbT ^U

R^\QX]TS caTPc\T]cb cWT _[P]c P]cX\XRa^QXP[ b^[dcX^]b P]S [PRcXR

PRXS QPRcTaXP #A56$ fTaT _aT&\XgTS QTU^aT P__[XRPcX^]' IWT caTPcTS

\PcTaXP[b fTaT cWT] _[PRTS X] * A V[Pbb YPab #1.) V _aTbbTS _d[_

TPRW$' 5UcTa P]PTa^QXR bTP[X]V% cWT V[Pbb YPab fTaT fTXVWTS P]S

bc^aTS X] P R[X\PcXR RWP\QTa U^a 2) SPhb Pc +. #7' ;^a \^]Xc^aX]V

cWT UTa\T]cPcX^] _a^RTbb X] cWT [PQ^aPc^ah bX[^b ^U cWT Tg_TaX\T]c%

cWaTT aT_[XRPcT V[Pbb YPab _Ta ]TVPcXeT R^]ca^[ #d]caTPcTS _aTbbTS

_d[_ & JEE$% _^bXcXeT R^]ca^[ #b^X[&R^]cP\X]PcTS _aTbbTS _d[_ &

H7EE$ P]S P[[ caTPcTS ePaXP]cb #H7EE % PSSXcXeTb$ fTaT fTXVWTS%

^_T]TS P]S P]P[hbTS Pc )% +% 1% *.% ,)% /) P]S 2) SPhb PUcTa

T]bX[X]V' IWT [PRcXR PRXS QPRcTaXP[ PSSXcXeTb dbTS X] cWT Tg_TaX\T]c

fTaT 6^]bX[PVT U^acT #6U$% P R^\\TaRXP[ bX[PVT X]^Rd[P]c% P]S

STl]TS W^_&aTbXbcP]c A56 #WaA56$' 6U P]S WaA56 fTaT P__[XTS

fXcW P]S fXcW^dc cWT R^\QX]PcX^] ^U W^_ QTcP PRXSb #=65$' ;^a

aTUTaT]RT _da_^bTb% U^a\XR PRXS #;5$ fPb dbTS Pb P bcP]SPaS bX[PVT

PSSXcXeT' 5 c^cP[ ^U ]X]T caTPc\T]c R^\QX]PcX^]b fTaT _aT_PaTS X]

cWT Tg_TaX\T]c #IPQ[T *$'

1TZPSPJXUIPHR VRHTZ JUSVUTLTZY# YPRHNL HKKPZP\LY# OX<12

HX[PVT PSSXcXeTb fTaT _aT_PaTS d]S dbTS PRR^aSX]V c^ cWT

aTR^\\T]SPcX^]b ^U cWT _a^SdRTab' 6TcPHcPQ *)5!% _a^SdRTS

Qh 6TcPITR <\Q= #CdaT\QTaV% <Ta\P]h$% fPb _a^eXSTS Qh

OdRZTaU^abRWd]V Id[[] <\Q=3 P] P`dT^db% P[ZP[X]T b^[dcX^] #_=

*)')j**'.$ R^]cPX]X]V P $*)! #f(f$ ^U P \XgcdaT ^U aTbX]b P]S

aTbX] PRXSb ^U W^_b% fXcW cWT _aX]RX_P[ R^\_^]T]c QTX]V =65

#[d_d[^]T$' 6^]bX[PVT U^acT Xb P \XgcdaT ^U W^\^UTa\T]cPcXeT A563

=JINSHSHHYW FHNINPFHXNHN% 8HB */ +-,4 9FHXSGFHNPPYW TFVFHFWJN% 8HB

*/ +-.4 9FHXSHSHHYW PFHXNW% C7>B6 ,) */) #=' LX[WT[\ HRWPd\P]]

<\Q= " 7^' @<% LXT]Ta CTdS^aU% 5dbcaXP$' 5] P`dT^db QPRcTaXP[

bdb_T]bX^] fPb _aT_PaTS c^ hXT[S $*). R^[^]h&U^a\X]V d]Xcb

#7;J$ V'* UaTbW \PccTa' ;5% 1.! #f(f$% fPb P__[XTS c^ PRWXTeT P

R^]RT]caPcX^] ^U $)!+.! ;5 ^] UaTbW \PccTa' =^_&aTbXbcP]c bcaPX]b

^U A56 Xb^[PcTS Ua^\ b_^X[TS QTTa bP\_[Tb fTaT _a^eXSTS Qh Ea^U'

GdSX K^VT[% J]XeTabXch ^U LTXWT]bcT_WP]% Bd]XRW3 9FHXSGFHNPPYW

GVJZNW% IBL *',*/ #WTcTa^UTa\T]cPcXeT$% =JINSHSHHYW IFQRSWYW%

IBL +'/* #W^\^UTa\T]cPcXeT$' 6PRcTaXP fTaT PRcXePcTS X] BGH

Qa^cW #ST BP]% G^V^bP P]S HWPa_T4 BTaRZ @VP5% 8Pa\bcPSc%

<Ta\P]h$% P]S +- W Rd[cdaTb ^U P .) 3 .) R^\QX]PcX^] ^U Q^cW

bcaPX]b fPb P__[XTS c^ hXT[S $*). 7;J WaA56 V'* UaTbW \PccTa'

1THR_YLY

IWT bX[PVT UTa\T]cPcX^] _a^RTbb fPb RWPaPRcTaXiTS Qh cWT

STcTa\X]PcX^] ^U bX[PVT PRXSb% _= eP[dT P]S Sah \PccTa R^]cT]c

Pc cX\T iTa^ P]S PUcTa +% 1% *.% ,)% /) P]S 2) SPhb ^U T]bX[X]V'

HdVPab fTaT P]P[hbTS Pc cWT QTVX]]X]V P]S Pc cWT T]S ^U cWT caXP[%

PUcTa 2) SPhb ^U bc^aPVT' ;^a UaTbW _aTbbTS _d[_ P]S bX[PVTb% Sah

\PccTa #8B$ fPb STcTa\X]TS Qh ^eT] SahX]V Pc *). #7 U^a -1 W' IWT

T]d\TaPcX^] ^U R[^bcaXSXP[ b_^aTb fPb RPaaXTS ^dc X] cWT b^X[ dbTS

U^a R^]cP\X]PcX^] Pb fT[[ Pb X] cWT _^bXcXeT R^]ca^[ #H7EE$ Pc cWT

QTVX]]X]V ^U cWT caXP[' IWT R^]cT]c ^U R[^bcaXSXP[ b_^aTb X] b^X[% UaTbW

\PcTaXP[b P]S bX[PVTb fPb STcTa\X]TS dbX]V cWT \^bc _a^QPQ[T

]d\QTa #BEC$ \TcW^S Pc ,0 #7 U^a 0+ W% PRR^aSX]V c^ K8AJ;5

B0'*1'-'*1 IWT X]RdQPcX^] fPb RPaaXTS ^dc X] cTbc cdQTb dbX]V

8G7B Qa^cW #8XUUTaT]cXP[ GTX]U^aRTS 7[^bcaXSXP[ BTSXd\% BTaRZ

@VP5$ PUcTa _PbcTdaXiPcX^]' 5Xa TgR[dbX^] fPb PRWXTeTS Qh dbX]V

_PaPUl] [PhTab' ;aTbW \PcTaXP[b P]S bX[PVTb #+) V$ fTaT \PRTaPcTS

X] +)) V SXbcX[[TS fPcTa X] P Q[T]STa #BXgTa 56% >]VT]XTdabla\P

CX[b LTXQd[[% BP[\^% HfTST]$ U^a , \X] Pc ,))) \X]'* P]S cWT]

l[cTaTS ^eTa l[cTa _P_Tab #BC +)/% BPRWTaTh&CPVT[ <\Q= " 7^'

@<% 8dTaT]% <Ta\P]h$ c^ bT_PaPcT R^PabT \PcTaXP[' IWT _= eP[dT ^U

cWT l[cTaTS b^[dcX^] fPb \TPbdaTS fXcW P V[Pbb a^S T[TRca^ST

_= \TcTa #HT]IXg 1*% >]^[PQ ITa\X]P[ ATeT[ ,% LIL <\Q=%

LTX[WTX\% <Ta\P]h$% cWT] RT]caXUdVTS Pc ** ,-) ( L #BX]XH_X]%

9__T]S^aU 5<% =P\QdaV% <Ta\P]h$% l[cTaTS cWa^dVW )!-. #\ l[cTa
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CHIRL (% 7WT\XRP[ R^\_^bXcX^] ^U UaTbW _aTbbTS QTTc _d[_

HcPac ^U caXP[ Ea^_TacXTb ^U cWT UaTbW \PcTaXP[

_= .'12

8B #V ZV'*$ +2,

APRcXR PRXS #V ZV'*$ 8B .',

5RTcXR PRXS #V ZV'*$ 8B +'1

6dchaXR PRXS #V ZV'*$ 8B C8

I^cP[ PRXSb #V ZV'*$ 8B 1'*

9cWP]^[ #V ZV'*$ 8B C8

HdRa^bT #V ZV'*$ 8B *)1'*

<[dR^bT #V ZV'*$ 8B *'2

;adRc^bT #V ZV'*$ 8B )'/

BTP] eP[dTb ^U Sd_[XRPcT P]P[hbXb' 8B% Sah \PccTa4 I^cP[ PRXSb% bd\ ^U
[PRcXR PRXS% PRTcXR PRXS% QdchaXR PRXS4 C8% ]^c STcTRcTS'

SXbRb #6d[Z <=E PRa^SXbR +. \\ bhaX]VT l[cTab% EP[[ 7^a_^aPcX^]%

E^ac LPbWX]Vc^]% CN% JH5$ P]S _X_TccTS X]c^ V[Pbb eXP[b #C^'

.-1&))),% KLG >]cTa]PcX^]P[% KXT]]P% 5dbcaXP$ U^a bdQbT`dT]c

P]P[hbXb ^U bdVPab P]S bX[PVT PRXSb' IWT [PccTa fTaT STcTa\X]TS

Qh WXVW&_TaU^a\P]RT [X`dXS RWa^\Pc^VaP_Wh #=EA7$ #8X^]Tg

7^a_^aPcX^]% Hd]]heP[T% 75% JH5$ dbX]V P] 5\X]Tg =EM&10=

R^[d\] #,)) ( 0!1 \\ X'S'% 6X^aPS APQ^aPc^aXTb% =TaRd[Tb% 75%

JH5$' IWa^dVW^dc cWT RWa^\Pc^VaP_WXR _a^RTbb% cWT cT\_TaPcdaT

^U cWTR^[d\]aT\PX]TS R^]bcP]c Pc /. #7' 5fPeT[T]VcW^U +*) ]\

fPb dbTS U^a aTUaPRcXeT X]STg #G>$(JK STcTRcX^] ^U cWT ^aVP]XR PRXSb

#G> STcTRc^a HW^STg G>&0*% HW^fP 8T]Z^ @@% I^Zh^% ?P_P]4 JK&

eXbXQ[T STcTRc^a JK8 ,-)J% 8X^]Tg 7^a_^aPcX^]$'*2%+) IWT \^QX[T

_WPbT dbTS fPb . \\^[ A'* =+HD- #;XgP]P[ ,1 +2)% =^]ThfT[[

H_TRXP[ch 7WT\XRP[b% HTT[iT% <Ta\P]h$' ;^a bcP]SPaSb P]S bP\_[T

TgcaPRcb% cWT X]YTRcX^] e^[d\Tb fTaT +) #A% fXcW P m^f aPcT ^U

)'/ \A \X]'* P]S P ad]cX\T ^U ,) \X]' HcP]SPaSb ^U 8A&[PRcXR

PRXS #A*.))$% _a^_X^]XR PRXS #1* 2*)$ P]S QdchaXR PRXS #*2 +*)$ fTaT

^QcPX]TS Ua^\HXV\P&5[SaXRW #Hc A^dXb% BD% JH5$' 5Qb^[dcTTcWP]^[

#*)) 21,$ fPb _daRWPbTS Ua^\ BTaRZ' Hc^RZ b^[dcX^]b #*) V A'*$

fTaT _aT_PaTS X] d[caP&_daT fPcTa #BX[[X&F fPcTa bhbcT\4 BX[[X_^aT

7^a_'% 6X[[TaXRP% B5% JH5$ P]S bc^aTS X] SPaZ]Tbb Pc . #7' I^cP[

^aVP]XR PRXSb fTaT RP[Rd[PcTS Qh cWT bd\ ^U [PRcXR PRXS% PRTcXR PRXS

P]S QdchaXR PRXS c^ X]SXRPcT cWT _a^VaTbbX^] ^U UTa\T]cPcX^]'

IWT STcTa\X]PcX^] ^U bdVPab fPb _TaU^a\TS dbX]V cWT bP\T

P__PaPcdb Pb X] cWT ^aVP]XR PRXS STcTa\X]PcX^]% Qdc X] cWXb RPbT

fXcW G> STcTRcX^] #HW^fP 8T]Z^ @@$'+* IWT bT_PaPcX^] fPb RPaaXTS

^dc dbX]V P] 5\X]Tg =EM&10@ R^[d\] #,)) ( 0!1 \\ X'S'$ Ua^\

6X^aPS APQ^aPc^aXTb% d]STa cWT bP\T R^]SXcX^]b Pb \T]cX^]TS

PQ^eT% TgRT_c U^a P ad]cX\T ^U ,. \X]' IWT \^QX[T _WPbT dbTS fPb

*. \\^[ A'* @+HD- #++* ,+. 57H aTPVT]c$% _daRWPbTS Ua^\HXV\P&

5[SaXRW' HcP]SPaSb ^U V[dR^bT \^]^WhSaPcT #-2 *.1$ P]S UadRc^bT

#-0 0,2$ fTaT ^QcPX]TS Ua^\ HXV\P&5[SaXRW4 bdRa^bT #*)0 /10$ fPb

_daRWPbTS Ua^\ BTaRZ' Hc^RZ b^[dcX^]b #*) V A'*$ fTaT _aT_PaTS

X] d[caP&_daT fPcTa #BX[[X&F fPcTa bhbcT\$ P]S bc^aTS Pc . #7'

BZHZPYZPJHR HTHR_YPY

IWTSPcPfTaTP]P[hbTS U^a W^\^VT]TXch^U ePaXP]RTP]S ]^a\P[Xch

^U SXbcaXQdcX^]' HdQbT`dT]c[h% ^]T&fPh P]P[hbXb ^U ePaXP]RT

#5CDK5$ U^[[^fTS Qh IdZThkb \d[cX_[T R^\_PaXb^] fPb dbTS c^

STcTa\X]T bXV]XlRP]c SXUUTaT]RTb ^U \TP]b QTcfTT] caTPc\T]cb'

IWTbT P]P[hbTb fTaT _TaU^a\TS dbX]V HcPcVaP_WXRb _[db #eTabX^]

.')% HcPcXbcXRP[ <aP_WXRb 7^a_'% BP]VdXbcXRb >]R'% G^RZeX[[T% B8% JH5$'

CHIRL )% >]XcXP[ R[^bcaXSXP[ R^d]cb #BEC V'*$ X] b^X[ P]S b^X[&
R^]cP\X]PcTS _aTbbTS _d[_

5]PTa^QXR b_^aT&U^a\X]V QPRcTaXP

HcPac ^U caXP[
<Pb U^a\PcX^] X]
8G7B \TSXd\

Hd[lcT aTSdRcX^] ^U
8G7B \TSXd\

H^X[ dbTS X] cWT Tg_TaX\T]c

HP\_[T * * .)) -/))

HP\_[T + 2. -,)

HP\_[T , ,/) -,)

HP\_[T - ** ))) 2,)

HP\_[T . * .)) *.))

H^X[&R^]cP\X]PcTS \PcTaXP[ dbTS X] cWT Tg_TaX\T]c

H7EE 5 2, +,

H7EE 6 +*) *.

H7EE 7 *.) *.

H7EE 8 0. 0'-

H7EE 9 -, ,'/

H7EE% b^X[&R^]cP\X]PcTS _aTbbTS _d[_'

A5BD<CB
IWT RWT\XRP[ R^\_^bXcX^] ^U UaTbW _aTbbTS bdVPa QTTc _d[_

Xb _aTbT]cTS X] IPQ[T +' LWX[T bX[PVT PRXS R^]RT]caPcX^]b fTaT

aT[PcXeT[h [^f% 8B P]S bdRa^bT R^]RT]caPcX^]b fTaT aT[PcXeT[h WXVW

PRR^aSX]V c^ _aPRcXRP[ Tg_TaXT]RT'

IPQ[T , _aTbT]cb P] ^eTaeXTf ^U R[^bcaXSXP[ R^d]cb X] cWT b^X[ cWPc

fPb dbTS U^a cWT ePaX^db caTPc\T]c R^\QX]PcX^]b cWa^dVW^dc

cWT Tg_TaX\T]c% P]S P[b^ cWT aTbd[cX]V R[^bcaXSXP[ R^d]cb X]

ePaXP]c H7EE' 7[^bcaXSXP[ R^d]cb X] cWT b^X[ fTaT fXST[h bRPccTaTS

#bP\_[Tb *j.$ P]S PS\XgX]V ^U b^X[ c^ _aTbbTS _d[_ X] ^aSTa

c^ bX\d[PcT R[^bcaXSXP[ R^]cP\X]PcX^] fPb aTmTRcTS Qh R^d]cPQ[T

P]S aT_a^SdRXQ[T aTbd[cb #bP\_[Tb 5j9$' 5] PeTaPVT BEC R^d]c

^U +!2 ( *), 7;J ^U VPb&U^a\X]V R[^bcaXSXP X] cWT b^X[ hXT[STS P]

PeTaPVT *!*(*)+ 7;J ^U VPb&U^a\X]V R[^bcaXSXP X] cWT ePaXP]c H7EE

Pc cWT QTVX]]X]V ^U cWT caXP['

BPRHNL MLXSLTZHZPUT

;Ta\T]cPcX^] RWPaPRcTaXbcXRb ^U cWT bX[PVTb X] cWT Tg_TaX\T]c PUcTa

2) SPhb ^U T]bX[X]V PaT SXb_[PhTS X] IPQ[T -' HX[PVT _a^SdRTS fXcW

U^a\XR PRXS P]S JEE bW^fTS [^f _= eP[dTb% WXVW [PRcXR PRXS P]S

PRTcXR PRXS Qdc [^f QdchaXR PRXS R^]RT]caPcX^]b' 7^]RTa]X]V 8B%

;5 TgWXQXcTS eTah [^f [^bbTb X] 8B SdT c^ cWT SXaTRc X]mdT]RT

^] _= P]S cWTaTU^aT [X\XcTS \XRa^QXP[ PRcXeXch' >] R^\_PaXb^] c^

cWT ^cWTa ePaXP]cb% ]^ bXV]XlRP]c SXUUTaT]RTb fTaT STcTRcTS' >]

H7EE% cWT _= eP[dT fPb bXV]XlRP]c[h WXVWTa cWP] Xcb aTb_TRcXeT

R^d]cTa_Pacb' APRcXR PRXS P]S PRTcXR PRXS R^]RT]caPcX^]b fTaT

[^fTa P]S QdchaXR PRXS [TeT[b fTaT eTah WXVW' >c Xb TeXST]c cWPc

X] H7EE R[^bcaXSXP fTaT RP_PQ[T ^U \TcPQ^[XiX]V ]dcaXT]cb c^

_a^SdRT QdchaXR PRXS' IWT PSSXcX^] ^U A56 aTbd[cTS X] [^fTa _=

[TeT[b R^\_PaTS c^ H7EE Qdc bX[PVT PRXS R^]RT]caPcX^]b fTaT ]^c

bXV]XlRP]c[h PUUTRcTS' >] UPRc% cWT P__[XRPcX^] ^U 6U P]S WaA56 fPb

]^c bdUlRXT]c c^ TgTac P] X]WXQXc^ah TUUTRc ^] R[^bcaXSXP[ Va^fcW%

P]S cWXb Xb fT[[ ST\^]bcaPcTS cWa^dVW WXVW QdchaXR PRXS eP[dTb ^U

+-') V ZV'* 8B P]S +,'1 V ZV'* 8B% aTb_TRcXeT[h' 5SSXcX^] ^U =65

aTbd[cTS X] [^fTa _= [TeT[b R^\_PaTS c^ cWT X]SXeXSdP[ dbT ^U 6U

P]S WaA56' 5[b^% [PRcXR PRXS P]S PRTcXR PRXS R^]RT]caPcX^]b fTaT

WXVWTa% fWX[T QdchaXR PRXS [TeT[b fTaT bXV]XlRP]c[h [^fTa' =XVWTa

=65 PSSXcX^] aTbd[cTS X] [^fTa QdchaXR PRXS R^]RT]caPcX^]b' LXcW

aTVPaS c^ TcWP]^[ R^]RT]caPcX^]% ;5 bW^fTS eTah [^f eP[dTb% fWX[T
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6PN[XL '% 7WP]VTb X] [PRcXR PRXS P]S QdchaXR PRXS R^]cT]c X] b^X[&R^]cP\X]PcTS _aTbbTS _d[_ bX[PVTb #H7EE$% PSSTS 6^]bX[PVT U^acT #6U$ P]S W^_ QTcP
PRXSb #=65$' 6Pab X]SXRPcT \TP] eP[dTb ^U caX_[XRPcT bX[^b fXcW bcP]SPaS STeXPcX^]b aT_aTbT]cTS Qh eTacXRP[ QPab' BTP]b U^[[^fTS Qh SXUUTaT]c [TccTab PaT
bXV]XlRP]c[h SXUUTaT]c #IdZThkb =H8 cTbc% = " )!).$'

H7EE P]S A56 PSSXcX^] aTbd[cTS X] aT[PcXeT[h WXVW TcWP]^[ [TeT[b'

7^]eTabT[h% ePaXP]cb caTPcTS fXcW cWT R^\QX]PcX^] ^U A56 P]S

=65 bW^fTS WXVWTa TcWP]^[ R^]RT]caPcX^]b% X]SXRPcX]V cWPc =65

PSSXcX^]TgTacTS P]TUUTRc^]TcWP]^[ UTa\T]cPcX^]' IWXb TUUTRc\Ph

QT SdT c^ P RTacPX] bT[TRcX^] ^U hTPbcb P]S WTcTa^UTa\T]cPcXeT A56

X] cWT [PQ^aPc^ah bX[PVTb' 7^]RTa]X]V bdVPab% ;5 caTPc\T]c aTbd[cTS

X] X]R^\_[TcT UTa\T]cPcX^] aTbd[cbP]SbW^fTSWXVWTaV[dR^bTP]S

UadRc^bT R^]RT]caPcX^]b' IWXb \Ph RPdbT _a^Q[T\b fXcW hTPbcb X]

cWT RPbT ^U PTa^QXR bcaTbb% Pb PRTcXR PRXS [TeT[b fTaT P[b^ eTah [^f

X] cWT ;5 caTPc\T]c'*0

@XUNXLYYPUT UM YPRHNL MLXSLTZHZPUT

>] cWT U^[[^fX]V% bX[PVTb PSSTS fXcW 6U P]S =65 #;XV' *$ Pb

fT[[ Pb WaA56 P]S =65 #;XV' +$ PaT R^\_PaTS fXcW H7EE c^

R[PaXUh cWT a^[T ^U cWT SXUUTaT]c caTPc\T]cb ^] cWT STeT[^_\T]c

^U [PRcXR PRXS P]S QdchaXR PRXS R^]RT]caPcX^]b cWa^dVW^dc cWT

^QbTaePcX^] _TaX^S' HcPacX]V Pc .', V ZV'* 8B% cWT [PRcXR PRXS

R^]cT]c X] cWT [PQ^aPc^ah bX[PVTb P[\^bc `dPSad_[TS fXcWX] + SPhb%

TgRT_c 6U % *)) \V ZV'* =65% fWXRW bW^fTS P [^fTa [PRcXR

PRXS R^]RT]caPcX^] ^U ^][h *,'1 V ZV'* 8B #;XV' *$' 6dchaXR PRXS

fPb ]^c STcTRcTS SdaX]V cWT TPa[h _WPbT #;XVb * P]S +$' D] SPh

1% cWT [PRcXR PRXS R^]cT]c X] cWT ePaXP]cb UdacWTa X]RaTPbTS c^

[TeT[b ^U $,) V ZV'* 8B fXcW cWT TgRT_cX^] ^U 6U P]S WaA56%

bW^fX]V bXV]XlRP]c[h WXVWTa eP[dTb ^U \^aT cWP] -) V ZV'* 8B'

A^f [TeT[b ^U QdchaXR PRXS fTaT U^d]S X] P[[ caTPc\T]cb% fXcW

H7EE bW^fX]V cWT WXVWTbc R^]RT]caPcX^] ^U ,'- V ZV'* 8B' ;a^\

SPh *. ^]fPaSb% cWT [PRcXR PRXS [TeT[ X] H7EE bW^fTS P R[TPa

S^f]fPaS caT]S d]cX[ cWT T]S ^U cWT Tg_TaX\T]c' >] R^]caPbc%

QdchaXR PRXS R^]RT]caPcX^]b X]RaTPbTS X\\T]bT[h% X]SXRPcX]V cWPc

[PRcXR PRXS fPb \XRa^QX^[^VXRP[[h R^]eTacTS c^ QdchaXR PRXS' ;^a

6U P]S WaA56% cWXb caT]S fPb ]^c b^ _a^]^d]RTS% Qdc [PRcXR PRXS

R^]RT]caPcX^]b P[b^ STRaTPbTS Ua^\ TPa[XTa _TPZ [TeT[b% fWX[T

QdchaXR PRXS R^]RT]caPcX^]b X]RaTPbTS' >] R^]caPbc c^ cWPc% =65

PSSXcX^] c^ 6U P]S WaA56 aTbd[cTS X] aTcPaSTS [PRcXR PRXS _TPZb

fXcW P S^f]fPaS caT]S Pc [PcTa bcPVTb P]S [X\XcTS QdchaXR PRXS

R^]RT]caPcX^]b' IWT _a^VaTbbX^] ^U [PRcXR PRXS P]S QdchaXR PRXS

U^a R^\QX]PcX^]b ^U A56 P]S =65 X]SXRPcTb cWPc cWT P]cX\XRa^QXP[

PSSXcX^] TgTacTS P] X]WXQXc^ah TUUTRc ^] [PRcXR PRXS U^a\PcX^] Pc

cWT QTVX]]X]V ^U cWT bX[PVT UTa\T]cPcX^]% Qdc cWT] _aTeT]cTS cWT

PRXS Ua^\ QTX]V dcX[XiTS Qh \XRa^^aVP]Xb\b'

8 @HN 4SSI /LVNH #+)**$ R! +)** H^RXTch ^U 7WT\XRP[ >]Sdbcah fX[Th^][X]T[XQaPah'R^\(YbUP
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6PN[XL (% 7WP]VTb X] [PRcXR PRXS P]S QdchaXR PRXS R^]cT]c X] b^X[&R^]cP\X]PcTS _aTbbTS _d[_ bX[PVTb #H7EE$% PSSTS W^_&aTbXbcP]c A56 #WaA56$ P]S W^_
QTcP PRXSb #=65$' 6Pab X]SXRPcT \TP] eP[dTb ^U caX_[XRPcT bX[^b fXcW bcP]SPaS STeXPcX^]b aT_aTbT]cTS Qh eTacXRP[ QPab' BTP]b U^[[^fTS Qh SXUUTaT]c [TccTab
PaT bXV]XlRP]c[h SXUUTaT]c #IdZThkb =H8 cTbc% = " )!).$'

49B3DBB9?>
GTbd[cb X]SXRPcT cWPc cWT PS\XgTS P\^d]c ^U b^X[ X] _aTbbTS bdVPa

QTTc _d[_ R[TPa[h X]mdT]RTS cWT _a^VaTbbX^] ^U UTa\T]cPcX^]

P]S SaPbcXRP[[h [^fTaTS bX[PVT `dP[Xch PUcTa 2) SPhb ^U T]bX[X]V'

7[^bcaXSXP dbdP[[h Va^f XU PRXSXlRPcX^] ^U cWT bX[PVT Xb aTcPaSTS

^a XU X]WXQXc^ah bdQbcP]RTb [XZT ]XcaPcT PaT [PRZX]V'*.%*0 >] cWT

Tg_TaX\T]cb% R[^bcaXSXP[ PRcXeXch fPb ]^c ^][h STcTRcTS X] cWT

[PcTa bcPVTb Qdc P[b^ Pc cWT QTVX]]X]V ^U UTa\T]cPcX^]' IWXb

fPb _PacXRd[Pa[h ST\^]bcaPcTS U^a _a^SdRc bTaXTb H7EE% fWTaT

[PRcXR PRXS R^]cT]c bcTPSX[h STRaTPbTS fWX[T QdchaXR PRXS R^]cT]c

X]RaTPbTS SdaX]V cWT ^QbTaePcX^] _TaX^S' 9eT]cdP[[h% cWT \PY^aXch

^U _aTeX^db[h U^a\TS [PRcXR PRXS d]STafT]c R^]eTabX^] c^ QdchaXR

PRXS' IWXb TUUTRc WPb QTT] aT_^acTS Qh bTeTaP[ PdcW^ab U^a VaPbb

bX[PVTb% Pb cWT ]XcaPcT R^]cT]c X] cWT _[P]c aPf \PcTaXP[ bca^]V[h

X]mdT]RTb cWT UTa\T]cPcX^] _a^RTbb' >] cWT TeT]c cWPc ]^ ^a

[^f [TeT[b ^U ]XcaPcT PaT _aTbT]c X] cWT _[P]c aPf \PcTaXP[% [PRcXR

PRXS Xb SXaTRc[h R^]eTacTS X]c^ QdchaXR PRXS X\\TSXPcT[h PUcTa cWT

UTa\T]cPcX^] R^\\T]RTb' >] cWT RPbT ^U P b[^f STRaTPbT X] _= P]S

_aTbT]RT ^U ]XcaPcT X] cWT X]XcXP[ _WPbT ^U cWT UTa\T]cPcX^] _a^RTbb%

cWT U^a\TS [PRcXR PRXS Xb R^]eTacTS c^ PRTcXR PRXS X] P labc bcT_% P]S

cWT]% PUcTa R^\_[TcT aTSdRcX^] ^U ]XcaPcT% UdacWTa \TcPQ^[XiTS c^

QdchaXR PRXS'++%+,

APRcXR PRXS QPRcTaXP fTaT PSSTS c^ cWT b^X[&R^]cP\X]PcTS

_aTbbTS _d[_ c^ PRRT[TaPcT [PRcXR PRXS U^a\PcX^] P]S P STRaTPbT X]

_=' 8PcP X]SXRPcT cWPc cWT _aTbTaePcXeT TUUTRc fPb ]^c bdUlRXT]c% Pb

cWT [PRcXR PRXS _a^SdRTS fPb R^]eTacTS c^ QdchaXR PRXS X] cWT [PcTa

bcPVTb ^U cWT Tg_TaX\T]c' IWXb \Ph QT SdT c^ cWT UPRc cWPc cWT _=

eP[dT fPb ]^c aTSdRTS QT[^f [TeT[b fWTaT Va^fcW X]WXQXcX^] ^U

R[^bcaXSXP \Ph ^RRda' =^fTeTa% cWT TUUTRc bca^]V[h ST_T]Sb ^] cWT

8B R^]cT]c ^U cWT aPf \PcTaXP['+- IWXb ^QbTaePcX^] Xb Tb_TRXP[[h

aT\PaZPQ[T U^a cWT P__[XRPcX^] ^U 6^]bX[PVT U^acT% Pb cWXb _a^SdRc

Xb PccaXQdcTS c^ WPeT P] X]WXQXc^ah TUUTRc ^] R[^bcaXSXP[ Va^fcW'*0

LWX[T cWT _daT dbT ^U A56 R^d[S ]^c bdbcPX]PQ[h X]WXQXc QdchaXR

PRXS U^a\PcX^]% cWT PSSXcX^]P[ P__[XRPcX^] ^U W^_ QTcP PRXSb [TS

c^ _a^]^d]RTS X\_a^eT\T]cb P]S Pe^XSTS UdacWTa R^]eTabX^] ^U

[PRcXRPRXSc^QdchaXRPRXS'=^_R^\_^d]SbPaTZ]^f]c^TgTacb^\T

P]cX\XRa^QXP[ TUUTRc% Tb_TRXP[[h ^] <aP\&_^bXcXeT QPRcTaXP'-%+.%+/ 5b

fXcW\P]h^cWTa_aTbTaePcXeTb%W^_QTcPPRXSbPaTfTPZPRXSbfWXRW

PaT \^bc TUUTRcXeT PVPX]bc QPRcTaXP X] cWTXa d]SXbb^RXPcTS U^a\'+0

>c Xb fT[[ Z]^f] X] cWT QaTfX]V X]Sdbcah cWPc A56 RP] STeT[^_

aTbXbcP]RT \TRWP]Xb\b PVPX]bc W^_&STaXeTS R^\_^d]Sb'+1%+2 IWXb

Tg_TaXT]RTR^d[SQTTg_[PX]TSQhcWT U^[[^fX]V\TRWP]Xb\3PbA56

PaT [^fTaX]V cWT _= eP[dT Pc cWT QTVX]]X]V ^U bX[PVT UTa\T]cPcX^]%

=65 PaT X]RaTPbX]V[h caP]bU^a\TS c^ cWTXa d]SXbb^RXPcTS U^a\ P]S

fX[Th^][X]T[XQaPah'R^\(YbUP R! +)** H^RXTch ^U 7WT\XRP[ >]Sdbcah 8 @HN 4SSI /LVNH #+)**$

87/130



E[P]c&QPbTS P]cX\XRa^QXP[b P__[XRPcX^] X] _aTbbTS QTTc _d[_ bX[PVT fff'b^RX'^aV

RP] QT aTb^aQTS Qh cWT QPRcTaXP[ RT[[' IWTaT% =65 SXbb^RXPcT PVPX]

P]S SXbbX_PcT cWT caP]b\T\QaP]T _^cT]cXP[ ]TRTbbPah U^a T]TaVh

VT]TaPcX^]',)%,* >] R^]caPbc c^ cWT W^_&aTbXbcP]c A56% eTVTcPcXeT

R[^bcaXSXP[ RT[[b j fWXRW PaT P[b^ X\\TSXPcT[h PRcXeT Ua^\ cWT ^]bTc

^U cWT Tg_TaX\T]c j ^QeX^db[h S^ ]^c QTPa \TRWP]Xb\b c^ _a^cTRc

cWT\bT[eTb Ua^\ cWT P]cX\XRa^QXP[ PRcXeXch ^U =65 P]S cWdb PaT

X]WXQXcTS Qh cWT W^_ R^\_^d]Sb'

8PcP R[TPa[h X]SXRPcT cWPc ]^c ^][h W^_&aTbXbcP]c A56 STaXeTS

Ua^\ b_^X[TS QTTa bP\_[Tb fTaT PQ[T c^ Va^f X] cWT _aTbT]RT ^U

=65% Qdc P[b^ A56 R^\_^]T]cb ^U P R^\\TaRXP[[h PePX[PQ[T bX[PVT

PSSXcXeT U^a fWXRW W^_ aTbXbcP]RT WPb ]^c QTT] aT_^acTS' >] UPRc%

cWT R^\QX]TS dbT ^U A56 Ua^\ P bX[PVT X]^Rd[P]c P]S =65 aTbd[cTS

X] [^fTa QdchaXR PRXS [TeT[b P]S [TS c^ X\_a^eTS `dP[Xch _PaP\TcTab

^U cWT bX[PVT% P[cW^dVW _= eP[dTb fTaT R^\_PaPQ[T c^ [PQ^aPc^ah

bX[PVTb c^ fWXRW ^][h A56 ^a ]^ PSSXcXeT fPb PSSTS'

5b Tg_TRcTS% U^a\XR PRXS _a^eTS c^ QT \^bc TUUTRcXeT X]

_aTbTaeX]V cWT _[P]c \PcTaXP[% Pb cWT _= STRaTPbTS X\\TSXPcT[h

P]S R[^bcaXSXP[ Va^fcW fPb cWdb X]WXQXcTS' =^fTeTa% ;5 caTPc\T]c

[TPSb c^ bXV]XlRP]c \^]^bPRRWPaXST aTbXSdP[b X] cWT [PQ^aPc^ah

bX[PVTb% fWXRW RP] QT R^]eTacTS Qh hTPbcb ^a \^d[Sb X] cWT RPbT

^U PTa^QXR bcaTbb'*0 5[b^% cWT P__[XRPcX^] ^U PRXSb QTPab b^\T

SXbPSeP]cPVTb [XZT PVVaTbbXeT]Tbb% R^aa^bX^] ^U T`dX_\T]c P]S

bPUTch \TPbdaTb U^a cWT dbTa' 5b P R^]bT`dT]RT% P[cTa]PcXeT bX[PVT

PSSXcXeTb bdRW Pb bP[cb% bP[c b^[dcX^]b P]S X]^Rd[P]cb WPeT VPX]TS

X]RaTPbTS X\_^acP]RT ^eTa cWT hTPab'

3?>3<DB9?>
GTbd[cb Ua^\ [PQ^aPc^ah Tg_TaX\T]cb fXcW b^X[&R^]cP\X]PcTS

_aTbbTS bdVPa QTTc _d[_ X]SXRPcT cWPc cWT bX]V[T dbT ^U [PRcXR PRXS

QPRcTaXP \Ph ]^c VdPaP]cTT [^f QdchaXR PRXS R^]cT]c' =^fTeTa% cWT

R^\_[T\T]cPah dbT ^U W^_ QTcP PRXSb X] cWT aP]VT ^U .)j*)) \V

^] UaTbW\PccTa P]S [PRcXR PRXSQPRcTaXP \Ph [TPS c^bX[PVTbfXcW [^f

QdchaXR PRXS R^]RT]caPcX^]b% cWdb aTbd[cX]V X] X\_a^eTS `dP[Xch'

A565A5>35B
* E^[[PRW <% =TX] L P]S =^[[Pdb ;% JbT ^U W^_ _a^SdRcb Pb

QPRcTaX^bcPcXRd\ X] cWT bdVPa X]Sdbcah' @YLFV 7RI '('32*2j2+/
#*22/$'

+ =TX] L P]S E^[[PRW <% CTf l]SX]Vb fXcW cWT dbT ^U W^_ _a^SdRcb X]
cWT bdVPa X]Sdbcah' @YLFV 7RI '((32-)j2-2 #*220$'

, E^[[PRW <% Ea^RTbb c^ bc^_ cWT Va^fcW ^U cWTa\^_WX[XR \XRa^^aVP]Xb\
X] P] P`dT^db bdVPa R^]cPX]X]V \TSXd\' 9da^_TP] EPcT]c ) /1*
)+2 6* #*220$'

- CPaiXbb A% /GVNWW IJV 0NJVGVFYJVJN% .' TaVPT]icT 5dmPVT' ;TaSX]P]S 9]ZT
KTa[PV% HcdccVPac% __' **)j**- #*21/$'

. 6a^RZ\P]] G% 8T\\TaX]V <% @aTdciTa J% AX]ST\P]] B% E[PRWT]ZP ?
P]S HcTX]QTa]Ta J% BPPQFRR`W 3RH]HPSTJINF SK 7RIYWXVNFP 1MJQNWXV]%
K^[' 5*) #.cW TS]$' K7=&KTa[PV% LTX]WTX\% __' +-.j+0/ #*210$'

/ ?^W]b^] 95 P]S =PPb <?% 5]cX\XRa^QXP[ PRcXeXch ^U W^_ TgcaPRc PVPX]bc
1PSWXVNINYQ GSXYPNRYQ! 1PSWXVNINYQ INKaHNPJ P]S 6JPNSGFHXJV T]PSVN' JH
_PcT]c / +.* -/* 6* #+))*$'

0 =^a]bTh >% AMJ 1MJQNWXV] FRI 0NSPSL] SK DNRJQFONRL #*bc TS]$' GH7
EdQ[XbWX]V% 7P\QaXSVT% J@ #+))0$'

1 6TdRWPc AG P]S <^[ST] 85% 5]cX\XRa^QXP[b ^RRdaaX]V ]PcdaP[[h X]
U^^Sb' 4SSI AJHMRSP *)3*,-j*-+ #*212$'

2 H^TSTaQTaV I5% <aTU G% =^[\ H% 9[\a^b I P]S =P[[\P]b <% 5]cXQPRcTaXP[
PRcXeXch ^U a^bX] P]S aTbX] PRXSb NR ZNXVS' @HFRI 8 =PFWX ?JHSRWXV @YVL
6FRI @YVL (*3*22j+). #*22)$'

*) E^[[PRW <% =TX] L P]S 6TSSXT 8% IWT R^]RT_c ^U SXUUTaT]c ]PcdaP[
P]cXQPRcTaXP[b U^a cWT bdVPa X]Sdbcah' @YLFV 7RI '(/3...j./- #+))-$'

** =TX] L% E^[[PRW < P]S 9\Tabc^aUTa ;% *) hTPabk Tg_TaXT]RT fXcW ]PcdaP[
P]cXQPRcTaXP[b fXcWX] 5VaP]P' @YLFV 7RI ')'3-00j-2* #+))/$'

*+ E^[[PRW <% =TX] L P]S 6TSSXT 8% 5__[XRPcX^] ^U W^_ QTcP PRXSb P]S
a^bX] PRXSb X] cWT bdVPa X]Sdbcah' @YLFV 7RI '(-32+*j2,) #+))+$'

*, E^[[PRW <% =TX] L P]S G^Tb]Ta <% CTf l]SX]Vb c^fPaSb b^[eX]V
\XRa^QXP[ _a^Q[T\b X] bdVPa UPRc^aXTb' @YLFV 7RI '(*3/++j/,0
#*222$'

*- <dS\d]Sb^] 7% 8P]XbR^ HdVPakb Tg_TaXT]RT fXcW W^_b TgcaPRcb Pb
P[cTa]PcXeT U^a U^a\P[STWhST' EaTbT]cTS Pc cWT <T]TaP[ 5bbT\Q[h
^U <Ta\P] HdVPa ITRW]^[^VXbcb #K8O$' 8aTbST]' GTU' X] @YLFV 7RI
'()3-./ #*221$'

*. BR8^]P[S E% =T]STab^] 5G P]S =Ta^T] H?9% AMJ 0NSHMJQNWXV] SK @NPFLJ
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Application of Plant-based Antimicrobials for the Growth

Inhibition of Clostridia in Grass Silage

F. EMERSTORFER, W. HEIN, R. RESCH, E. M. POETSCH, W. KNEIFEL

ABSTRACT

BACKGROUND: In this study, the inhibitory effect of hop beta acids on the growth

of clostridia in soil-contaminated grass silages was investigated. Hop beta acids

are natural substances, which have displayed anticlostridial effects in soil-

contaminated pressed pulp silage from sugar beet at low concentrations. Fresh

grass material was mixed with soil to artificially contaminate it with clostridia.

Laboratory silos were filled with the substrate, stored at 25°C and opened for

sampling at 0, 30, 60, and 90 days. The impact on clostridial growth during silage

fermentation was monitored by the determination of the pH-value, dry matter

content, chemical analysis of the fermentation products and microbial composition.

Throughout the experiments, the effect of a commercial silage inoculant based on

lactic acid bacteria (LAB) was examined with and without the combination of plant-

based antimicrobials.

RESULTS: Results indicate that in silage samples without any additives high

butyric acid concentrations occurred due to clostridial growth. This spoilage could

be suppressed by the application of LAB, but not with pure hop beta acids.

However, the combined application of LAB and hop beta acids improved silage

quality, which was reflected by favourable organic acid composition.

CONCLUSIONS: The experimental data indicates that the application of hop beta

acids supports the effect of LAB for clostridial growth inhibition and thus

demonstrates potential for the combined use of plant-based antimicrobials and

LAB in grass silages.

Keywords: antimicrobials, silage spoilage, hop beta acids, clostridia, butyric acid;
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INTRODUCTION

Plant-based antimicrobials were introduced to the sugar industry during the 1990s

and are regarded as natural alternatives to commonly used biocidal substances,

such as formaldehyde.1,2 Hop beta acids, rosin acids and myristic acid were found

to be suitable applications for combatting thermophilic bacteria in the extraction

area of the sugar production process, as they are well known for their antimicrobial

effect and also their proven safe history throughout the food industry.3-7 Following

residual studies, it was discovered that the major proportion of the substances

applied in the extraction area finally ends up in the pressed beet pulp.8,9 In 1999,

authors assumed positive effects linked to the substance-remnants in the pressed

pulp, as inhibition of unwanted groups of microorganisms in the course of ensiling

was reported.10 Owing to this, own in-depth studies were started in 2005 to

examine the potential of the plant-based antimicrobials for the field of silage

production, as it has become evident that clostridia are sensitive against these

substances owing to their specific cell wall structure.11-14

Aside from yeasts and moulds, clostridia are among the most important spoilage

microorganisms in silage fermentation, especially in the field of grass silage.15

During the ensiling process, these bacteria are usually inhibited by intense lactic

acid fermentation, which causes a rapid pH-decrease in the silage. However,

under practical conditions, the raw material used for ensiling is frequently of

insufficient quality: soil-contamination during harvesting, low initial cell counts of

lactic acid bacteria (LAB), low dry matter and sugar content accompanied with

high buffering capacity and the lack of inhibitory substances often lead to delayed

pH-reduction and instable conditions during fermentation. Consequently, clostridia

can proliferate and induce microbial spoilage of the silage.16 As a consequence,

countermeasure strategies were developed to minimize the risk of silage spoilage

by secondary fermentation. Scientific progress aided in a better understanding of

microbial fermentation processes during ensiling, thus enabling farmers to

optimize their ensiling management.17,18 Additionally, various silage additives were

developed to support the preservation process and to inhibit undesired

microorganisms. Organic acids and neutral salt-mixtures were applied to restrict

the total extent of fermentation and to lower the pH-value, directly at the beginning

of the ensiling process, to inhibitory levels for clostridial growth. Depending on the

achieved pH-value, salt mixtures additionally exert an antimicrobial effect which
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originates from the undissociated proportion of the acid. With a decrease in pH,

additives containing nitrite form nitrous gases. These compounds have a strong

inhibitory effect on clostridia.19 However, the application of these products bears

some disadvantages including aggressiveness, promotion of corrosion of

equipment and may also be potentially hazardous for the user. As an alternative,

biological inoculants have been increasingly introduced. The application of

lyophilised starter cultures ensures a high initial number of LAB and therefore

supports accelerated acidification through the conversion of plant sugars to

organic acids during the early stages of fermentation. Concomitantly, the pH

decreases to inhibitory levels for clostridia and many pathogens. Lactic acid

starters can also be combined with other supplements to achieve a further drop in

pH, for example with enzymes or molasses, which are added to increase the

availability of fermentable substrate for the bacteria.20 In the last years, several

authors have adopted this kind of a “two track strategy” for clostridial growth

inhibition by using LAB and inhibitory substances at the same time.21-25 Own

ensiling experiments with soil-contaminated pressed pulp from sugar beet showed

reduced butyric acid formation upon application of the hop beta acids. Further

improvements, with respect to organic acid composition and clostridial growth

inhibition, were achieved when hop beta acids and LAB were applied in tandem.26

Consequently, the present study was carried out to evaluate the potential of a

silage additive based on LAB and hop beta acids for clostridial growth inhibition in

the field of grass silage production.

EXPERIMENTAL

Soil for contamination

Clostridial contamination was achieved by admixing defined portions of soil to the

grass. The soil material was collected from the premises of the sugar factory, in

Tulln (Austria), several weeks prior to the trial and carefully dried in a drying oven

at 50°C. Subsequently, the material was sieved to render a fine structure suitable

for proper mixing.
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Silage preparation

Silages were prepared with grass of the third cut, which was harvested on 12th

August 2008 at 11 o’clock during humid conditions on a meadow at AREC

Raumberg-Gumpenstein in Styria, Austria. After a wilting period of 2 hours, the

grass was chopped to 2 – 4 cm length using a laboratory-scale cutter (System

Weihenstephan, Bavarian Institute for Agricultural Engineering and Animal

Husbandry, Freising-Weihenstephan, Germany), then sampled and used for silage

preparation. Grass samples were sealed in plastic bags and stored in a freezer for

subsequent chemical and microbial investigation. Samples for clostridia and LAB

determination were prepared using anaerobic sealing and storage (GENbag with

clip seals bioMérieux, Marcy l'Etoile, France). The mixing of plant material and

silage additives was done in a conventional concrete mixer. Firstly, soil with

clostridial contaminants was added to the grass (6.25 g per kg fresh matter).

Afterwards, silage additives and plant antimicrobial solutions were sprayed onto

the grass by means of sprayer bottles (15 g per kg fresh matter). For the combined

treatments, the plant antimicrobial solutions and LAB were mixed prior to

application. The lactic acid bacterial additive used was Bonsilage forte (Bf), a

commercial silage inoculant. Bf was applied with and without the combination of

hop beta acids (HBA). For reference purposes, formic acid (FA) was used as a

standard silage additive. The treated materials were then placed in 1 L glass jars

containing 500 g grass in each. After anaerobic sealing, the glass jars were

weighed and stored in a climatic chamber for 90 days at 25°C. For monitoring the

fermentation process in the laboratory silos, triplicate glass jars per treatment were

weighed, opened, blended and mixed for analysis at time 0, 30, 60 and 90 days

after ensiling. A total of 8 treatment combinations were prepared in the experiment

(Table 1).
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Table 1: Treatment combinations prepared in the silage experiment

Antimicrobial plant components and silage additives

Silage additives were prepared and used according to the recommendations of the

producers. BetaStab 10A®, produced by BetaTec GmbH (Nuremberg, Germany),

was provided by Zuckerforschung Tulln GmbH: an aqueous, alkaline solution (pH

10.0 – 11.5) containing approx. 10 % (w/w) of a mixture of resins and resin acids

of hops, with the principle component being HBA (lupulone). Bonsilage forte (Bf) is

a mixture of homofermentative LAB: Pediococcus acidilactici, DSM 16243;

Lactobacillus paracasei, DSM 16245; Lactococcus lactis, NCIMB 30160 (H.

Wilhelm Schaumann GmbH & Co KG, Wiener Neudorf, Austria). An aqueous

bacterial suspension was prepared to yield approx. 105 CFU (colony forming units)

per g fresh matter. Formic acid, 85 % (w/w) was applied to achieve a

concentration of approx. 0.25 % formic acid on fresh matter.

Analyses

The silage fermentation process was characterised by the determination of silage

acids, pH-value and dry matter content at the beginning and after 30, 60, 90 days

of ensiling. For fresh plant material and silages, dry matter (DM) was determined

by oven drying at 105°C for 48 h. Reducing sugars and sucrose were analysed at

the beginning and at the end of the trial by the Luff-Schoorl method according to

VDLUFA 7.1.1.27 Crude ash was determined gravimetrically in a muffle type

furnace (Nabertherm B150, Nabertherm GmbH, Lilienthal, Germany) at 550°C.

Fresh materials and silages (20 g) were macerated in 200 g distilled water in a

blender (Mixer AB, Ingenieursfirma Nils Weibull, Malmo, Sweden) for 3 min at

3,000 min-1 and then filtered over filter papers (MN 206, Macherey-Nagel GmbH &

1 Grass

2 Soil-contaminated grass

3 Soil-contaminated grass + formic acid

4 Soil-contaminated grass + Bonsilage forte

5 Soil-contaminated grass + Bonsilage forte + 50 ppm hop beta acids

6 Soil-contaminated grass + 50 % Bonsilage forte + 50 ppm hop beta acids

7 Soil-contaminated grass + 50 % Bonsilage forte + 100 ppm hop beta acids

8 Soil-contaminated grass + 50 ppm hop beta acids

Treatments Abbreviations

UG

SCG

SCG + Bf

SCG + Bf + 50 HBA

SCG + 1/2 Bf + 50 HBA

SCG + 1/2 Bf + 100 HBA

SCG + 50 HBA

SCG + FA
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Co. KG, Dueren, Germany) to separate coarse material. The pH of the filtered

solution was measured with a glass rod electrode pH-meter (SenTix 81, Inolab

Terminal Level 3, WTW GmbH, Weilheim, Germany), then centrifuged at 11,340 x

g (MiniSpin, Eppendorf AG, Hamburg, Germany), filtered through 0.45 µm filter

discs (Bulk GHP acrodisc 25 mm syringe filters, Pall Corporation, Port

Washington, NY, USA) and pipetted into glass vials (No. 548-0003, VWR

International, Vienna, Austria) for subsequent analysis. Silage acids were

determined by high-performance liquid chromatography (HPLC) (Dionex

Corporation, Sunnyvale, CA, USA) using an Aminex HPX-87H column (300 x 7.8

mm I.D., Biorad Laboratories, Hercules, CA, US). Throughout the chromatographic

process, the temperature of the column remained constant at 65°C. A wavelength

of 210 nm was used for RI/UV detection of the organic acids (RI-detector Shodex

RI-71, Showa Denko KK, Tokyo, Japan; UV/VIS-detector UVD 340U, Dionex

Corporation, Sunnyvale, CA, USA). 28,29 The mobile phase used was 5 mmol L-1

H2SO4 (Fixanal 38290, Honeywell Specialty Chemicals, Seelze, Germany). For

standards and sample extracts, the injection volumes were 20 µL, with a flow rate

of 0.6 mL min-1 and a runtime of 30 min. Standards of DL-lactic acid (L1500),

propionic acid (81910) and butyric acid (19210) were obtained from Sigma-Aldrich

(St. Louis, MO, USA). Absolute ethanol (100983) was purchased from Merck

(Darmstadt, Germany). Stock solutions (10 g L−1) were prepared in ultra-pure

water (Milli-Q water system; Millipore Corporation, Billerica, MA, USA) and stored

in darkness at 5°C. Total organic acids were calculated by the sum of lactic acid,

acetic acid and butyric acid to indicate the progression of fermentation.

Microbial examination was carried out on fresh material at the beginning of the trial

as well as in silages after 90 days of storage. 40 g of sample material were filled

into stomacher bags with inner bag filter (Seward Medical UAC House, London,

UK), to which 360 mL 25% strength Ringer solution (Merck) was added and

samples were homogenised using a stomacher (Seward) for 3 minutes. Total

aerobic mesophilic viable count (TVC), yeasts and moulds were enumerated on

Plate Count Agar (Merck) and MAE Agar (Malt Extract Agar, Merck) using the

classical spread plate technique according to VDLUFA M28.1.2.30 The incubation

for TVC was carried out aerobically for 48 h at 37°C and for yeasts and moulds for

96 h at 30°C. In the case of unclear results for the latter, incubation time was

extended to 120 h. Enterobacteria were enumerated by Koch’s pour plate method
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on VRB-Agar (Violet Red Bile Agar, Merck) according to VDLUFA M28.1.2.30 The

incubation was carried out aerobically for 48 h at 37°C. LAB were enumerated by

the plate count technique with reference to VDLUFA M7.9.231, but using MRS-agar

(Lactobacillus agar according to De Man, Rogosa, Sharpe) obtained from Merck.

The incubation was carried out anaerobically for 72 h at 37°C. The enumeration of

clostridial spores was carried out in fresh grass, in grass directly after soil-

contamination, and in silages using the most probable number (MPN) method for

72 h at 37°C, according to VDLUFA M7.18.4.32 The incubation was carried out in

test tubes using DRCM broth (Differential Reinforced Clostridial Medium, Merck)

after pasteurisation (80°C for 10 min). Air exclusion was achieved by using paraffin

layers. Listeria spp. were determined according to EN 11290 using a VIDAS

LDUO Kit (bioMérieux, Marcy l'Etoile, France). The first enrichment was carried

out in half-concentrated Fraser broth (Merck) for 24 h at 30°C. The second

enrichment was carried out in Fraser broth for 24 h at 30°C. Afterwards, 500 µL

were transferred to the test strip with subsequent detection using the automated

qualitative ELFA (enzyme-linked immunofluorescent assay ELFA) system

(bioMérieux). Positively assessed samples were confirmed on Listeria

monocytogenes selective Chromogenic Medium (OCLA Agar, Oxoid, Wesel,

Germany).

RESULTS AND DISCUSSION

The chemical and microbial composition of fresh grass is presented in Tables 2

and 3. While silage acid concentrations were very low, DM and sucrose

concentrations were within the expected range, for the third cut of grass, according

to practical experience. Addition of soil to the grass elevated the crude ash content

to more than 100 g kg-1 DM, which is a crucial threshold for clostridial

contamination in grass silages according to practical experience.33 While Listeria

were detected in fresh as well as in soil-contaminated grass, soil-contamination

did not yield higher clostridial MPN-counts. Other microbial contaminants were

nearly on the same level in both variants.
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Table 2: Chemical composition of fresh grass and soil-contaminated grass

Mean values of duplicate analysis. DM = dry matter, Total acids = sum of lactic acid, acetic acid, butyric acid,

ND = not detected;

Table 3: Microbial composition of fresh grass and soil-contaminated grass

Mean values of duplicate analysis. LAB = lactic acid bacteria, ASFB-g* = anaerobic spore forming bacteria

MPNg
-1

with gas formation in DRCM medium, ASFB-s** = anaerobic spore forming bacteria MPNg
-1

with

sulphite reduction of DRCM medium, (+), (-) = verification of contaminant, no quantification;

Silage fermentation

Fermentation characteristics of the silages in the experiment after 30, 60 and 90

days of ensiling are displayed in Tables 4-6. Ensiling of grass (UG) and soil-

contaminated grass (SCG) without additives displayed clearly higher pH-values

throughout the experiment. Additionally, lactic acid concentrations were much

lower compared to the treated variants indicating that the acid was consumed by

clostridia and converted into butyric acid. On the other hand, soil-contaminated

pH

DM (g kg-1)

Lactic Acid (g kg-1) DM

Acetic Acid (g kg-1) DM

Butyric Acid (g kg-1) DM

Total Acids (g kg-1) DM

Ethanol (g kg-1) DM

Sugar (g kg-1) DM

Crude ash (g kg-1) DM

1.1

1.7

95.0

1.5

1.7

100.0

94.0 107.0

ND

Soil-contaminated grass

6.01

271

ND

1.1

Start of trial Fresh grass

5.92

266

ND

1.5

ND

LAB

ASFB-g*

ASFB-s**

Listeriae

Yeasts

Moulds

Enterobacteriaceae

Total viable count

Start of trial Fresh grass Soil-contaminated grass

2.60E+04 1.30E+05

4.30E+02 1.50E+02

1.50E+02 2.00E+02

(+) (+)

1.12E+07 1.85E+07

<10 <10

1.00E+04 1.70E+02

5.90E+05 2.10E+05
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grass treated with formic acid (FA) showed the lowest butyric acid concentrations

accompanied with high values for lactic acid and total acids after 30, 60 and 90

days of ensiling. Obviously, the decrease of the pH-value by FA treatment

protected other organic acids from being further metabolized by the spoilage

bacteria. Variants which were added with LAB alone and with LAB in combination

with HBA showed the highest lactic acid concentrations after 30 days of ensiling.

This indicates that HBA did neither inhibit the growth of LAB nor acidification.

However, in the later stages of fermentation lactic acid was increasingly converted

into acetic acid. This effect is attributed to heterofermentative LAB originating from

the samples at the beginning of the trial, prior to any treatment. A certain

proportion of lactic acid is also converted into butyric acid, with the highest values

in the variant SCG + ½ Bf + 50 mg kg-1 HBA. Eventually, the accumulation of the

weaker organic acids leads to higher pH-values, thus weakening the pH-barrier for

clostridial growth. With respect to butyric acid, silages added with the combination

of LAB and HBA showed slightly higher concentrations than those with pure use of

LAB. However, silages treated with 50% LAB showed better results when used in

combination with the higher hop beta acids concentration (100 mg kg-1 HBA). The

single use of 50 mg kg-1 HBA had only minimal influence on organic acid

composition. In fact, the values for butyric acid after 90 days of ensiling were at a

similar level as for UG and SCG. Treatment with 50 mg kg-1 HBA shows delayed

acidification and pH-reduction similar to the controls. This means that cell counts

of the LAB, which were originally on the grass, were either too low or the LAB

were not suitable to achieve a fast acidification and clostridial growth inhibition.

HBA alone therefore fail to effectively suppress clostridial growth, unless the plant-

based antimicrobials are combined with LAB for parallel lactic acid fermentation

and pH-reduction like has previously been shown in soil-contaminated pressed

pulp silages.26
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Table 4: Fermentation characteristics of treated grass silages after ensiling for 30 days at 25°C

Mean values of duplicate analysis. UG = untreated grass, SCG = soil-contaminated grass, FA = formic acid,

Bf = Bonsilage forte, ½ Bf = ½ Bonsilage forte, HBA = hop beta acids, DM = dry matter, Total acids = sum of

lactic acid, acetic acid, butyric acid, ND = not detected;

Table 5: Fermentation characteristics of treated grass silages after ensiling for 60 days at 25°C

Mean values of duplicate analysis. UG = untreated grass, SCG = soil-contaminated grass, FA = formic acid,

Bf = Bonsilage forte, ½ Bf = ½ Bonsilage forte, HBA = hop beta acids, DM = dry matter, Total acids = sum of

lactic acid, acetic acid, butyric acid, ND = not detected;

DM Lactic Acid Acetic Acid Butyric Acid Total Acids Ethanol

(gkg-1)

UG 5.04 259 12.6 24.2 61.2 98.0 13.7

SCG 5.07 237 10.5 23.5 74.6 108.6 14.9

SCG + FA 4.30 260 70.2 58.3 ND 128.5 15.4

SCG + Bf 4.10 260 118.7 21.0 0.4 140.1 3.6

SCG + Bf + 50 HBA 4.12 243 121.9 22.6 0.7 145.3 3.8

SCG + 1/2 Bf + 50 HBA 4.11 257 117.1 24.2 1.1 142.4 3.8

SCG + 1/2 Bf + 100 HBA 4.11 248 123.5 22.5 0.6 146.6 3.9

SCG + 50 HBA 4.71 252 51.8 23.9 40.5 116.2 5.5

Treatment pH
(gkg-1) DM

DM Lactic Acid Acetic Acid Butyric Acid Total Acids Ethanol

(gkg-1)

UG 5.14 238 10.4 36.2 66.9 113.5 14.9

SCG 5.14 234 11.9 33.7 70.5 116.1 15.2

SCG + FA 4.41 250 72.6 71.0 1.6 145.2 13.1

SCG + Bf 4.41 235 96.6 57.4 1.9 155.9 5.3

SCG + Bf + 50 HBA 4.42 238 90.9 55.8 5.6 152.2 5.6

SCG + 1/2 Bf + 50 HBA 4.49 251 76.0 61.8 8.5 146.3 6.4

SCG + 1/2 Bf + 100 HBA 4.35 237 106.3 57.0 2.7 165.9 5.3

SCG + 50 HBA 5.07 240 29.2 35.3 59.0 123.4 6.3

Treatment pH
(gkg-1) DM
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Table 6: Fermentation characteristics of treated grass silages after ensiling for 90 days at 25°C

Mean values of duplicate analysis. UG = untreated grass, SCG = soil-contaminated grass, FA = formic acid,

Bf = Bonsilage forte, ½ Bf = ½ Bonsilage forte, HBA = hop beta acids, DM = dry matter, Total acids = sum of

lactic acid, acetic acid, butyric acid, ND = not detected;

Table 7 presents the microbial composition of the silages after 90 days of ensiling.

LAB counts were found to be very similar in all silages and also did not differ

significantly compared to the level detected at the onset of the trial. Generally,

differences between the variants with regard to clostridial spore counts and other

microbial contaminants are only marginally pronounced. Even the controls with

high butyric acid concentrations did not show high MPN-counts of clostridial

spores at the end of the experiment. This has also been found in other studies,

where several authors have discussed the problem of a low correlation between

butyric acid concentration and clostridial endospore counts in silages.34,35 In fact,

the mechanism of sporulation in silage is not yet fully understood. However, high

butyric acid concentrations are clearly associated with silage spoilage through

clostridial growth.36 Consequently, these bacteria need to be avoided in animal

feeding stuffs as they represent a hygienic threat for the animals.37 Moreover,

clostridia are well-known high-risk contaminants in the dairy industry impairing the

quality of several dairy products. Clostridium tyrobutyricum is known to cause the

so-called late blowing of hard cheeses, a process that deforms the cheese and

imparts an off-flavour to the product.38,39 As a result, some countries with

considerable hard cheese production prohibited or discouraged the feeding of

dairy cows on silage.40 Other countermeasures, such as milk pre-treatment to

separate the contaminants can help to minimize the problem but are expensive

and decrease milk quality for further processing.

DM Lactic Acid Acetic Acid Butyric Acid Total Acids Ethanol

(gkg-1)

UG 5.01 263 11.7 38.9 70.4 121.0 15.2

SCG 5.13 242 6.8 34.7 82.6 124.1 15.6

SCG + FA 4.40 254 77.6 79.2 ND 156.8 11.1

SCG + Bf 4.54 246 61.2 77.9 3.0 142.1 9.2

SCG + Bf + 50 HBA 4.52 238 67.8 75.0 6.1 149.8 9.6

SCG + 1/2 Bf + 50 HBA 4.62 257 61.0 77.8 12.9 151.7 9.4

SCG + 1/2 Bf + 100 HBA 4.51 247 78.8 71.8 6.1 156.7 8.5

SCG + 50 HBA 4.94 249 27.0 41.8 65.6 134.3 6.7

Treatment pH
(gkg-1) DM

100/130



At the end of the experiment, yeasts and moulds were represented only by low cell

counts. Compared to the start of the experiment, the number of these

contaminants heavily decreased during silage fermentation. Listeria were found in

the grass at the beginning, but not in any of the silages after 90 days of ensiling,

which indicates that the bacteria were successfully inactivated by the fermentation

process. Also, numbers for total viable count decreased during the experiment and

were only detectable at moderate levels in all silages after 90 days of ensiling.

Table 7: Microbial composition of treated grass silages after ensiling for 90 days at 25°C

Mean values of duplicate analysis. UG = untreated grass, SCG = soil-contaminated grass, FA = formic acid,

Bf = Bonsilage forte, ½ Bf = ½ Bonsilage forte, HBA = hop beta acids; ASFB-g* = anaerobic spore forming

bacteria MPNg
-1

with gas formation in DRCM medium, ASFB-s** = anaerobic spore forming bacteria MPNg
-1

with sulphite reduction of DRCM medium, EB = enterobacteriaceae, TVC = total viable count, (+), (-) =

verification of contaminant, no quantification;

CONCLUSION

Results from laboratory ensiling experiments with soil-contaminated grass indicate

that the single application of hop beta acids induces relatively insignificant

inhibitory effects on clostridial growth and butyric acid formation. However, in

contrast the combined use of hop beta acids in the range of 50 – 100 mg on fresh

matter with lactic acid bacteria significantly improves silage quality with regard to

fermentation products.

UG 1.00E+05 4.20E+02 3.60E+01 (-) <10 2.00E+01 <10 1.28E+04

SCG 4.00E+05 3.30E+02 1.50E+03 (-) <10 5.00E+01 <10 3.02E+04

SCG + FA 1.10E+05 4.20E+02 9.20E+01 (-) <10 2.80E+02 <10 2.31E+04

SCG + Bf 4.50E+04 3.50E+02 2.80E+02 (-) <10 1.10E+02 <10 1.05E+04

SCG + Bf + 50 HBA 2.00E+04 2.10E+04 2.10E+02 (-) <10 4.00E+01 <10 1.66E+04

SCG + 1/2 Bf + 50 HBA 1.60E+05 1.50E+04 2.30E+03 (-) <10 2.00E+01 <10 1.10E+04

SCG + 1/2 Bf + 100 HBA 1.40E+05 5.80E+01 7.40E+01 (-) <10 5.00E+01 <10 1.26E+04

SCG + 50 HBA 2.20E+05 1.10E+04 2.90E+02 (-) <10 5.00E+01 <10 1.21E+04

Moulds EB TVCTreatment LAB ASFB-g* ASFB-s** Listeriae Yeasts
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DISCUSSION OF RESULTS

This doctoral thesis was undertaken with the aim to determine new fields of

application for plant-based antimicrobials (hop -acids and rosin acids), which

have been successfully marketed for combating bacterial infections in sugar

production for many years (Chapter 1). Derived from a successful licensing model

established within the sugar industry, together with a partner company from the

hop sector, one goal was that such a potential field of application should ideally be

protectable via patent applications. Additionally, it should be viable from an

economic point of view, in order to raise financial income through the marketing of

the resulting commercial products.

The starting points for investigations in the direction of silage production were

findings, which indicated inhibitory effects of the aforementioned substances on

clostridial growth and observations, that substance remnants in pressed sugar

beet pulp did not negatively affect subsequent ensiling. Consequently, it was

evident to take a step forward and to systematically investigate the potential of the

compounds for the field of silage production.

When the minimum inhibitory concentration (MIC) of the chosen substances on a

range of microorganisms relevant in silage production was investigated, the whole

range of antimicrobials (hop -acids, rosin acids, myristic acid) used in the sugar

industry was included (Chapter 2). At this stage, results for rosin acids proved to

be more promising than those for hop -acids, because with rosin acids there was

a larger difference between the MIC of lactic acid bacteria and clostridia. Contrary

to that, the MICs of -acids against both groups of bacteria were almost on the

same level and thus it was unclear whether the substances would interfere with

lactic acid fermentation, which is necessary for pH decrease and silage

preservation.

However, there were additional factors to be considered: Concerning the patent

application (Chapter 3), components of rosin acids (for example abietic acid) had

already been mentioned in the context of ensiling. As a consequence, this would

have prevented a successful patent grant. Additionally, hop extracts were found to

be approved as feed additives within the EU, while rosin acids were not. Thus, it

seemed favourable to focus on the use of hop -acids, and consider rosin acids

only in form of combined applications with -acids (Appendix 1 & 2). Hop acids,

however, had never been suggested for their use in silage fermentation, obviously
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because the products are well known to inhibit Gram-positive bacteria in general

and this was thought to be also applicable to lactic acid bacteria.

Yet, another aspect appeared to be a possible remedy in the anticipated

problem with hop -acid application in silage production. There was the

experience from the sugar industry that during prolonged application of -acids in

the extraction area, bacteria became unsusceptible and were able to grow in the

presence of hop compounds. Thus, in order to achieve sustained bacterial

inhibition, -acid concentrations needed to be gradually increased for suppressing

such adapted microorganisms. While in the year 2000 this fact was the original

reason for devoting further research activities to the subsequent development of

other plant-based antimicrobials (rosin acids, myristic acid) for the sugar industry,

it induced an important idea in the current situation, which was also supported by

literature findings from the brewing sector. In brewing, hop resistance in lactic acid

bacteria is a major problem regarding beer spoilage. Consequently, extensive

scientific studies were performed, which elucidated the phenomenon of hop

resistance, thus identifying several resistance mechanisms in lactic acid bacteria.

Owing to this point of view, it seemed very promising to assess the effect of the

combined use of hop-resistant lactic acid bacteria and hop -acids for an

enhanced suppression of clostridial growth. After a series of pre-trials, the effect of

the combined application of hop-resistant and other LAB together with -acids was

systematically investigated in soil-contaminated pressed sugar beet pulp.

Interestingly, positive effects with regard to organic acid composition and silage

preservation were found not only for hop-resistant lactic acid bacteria, but also for

a commercial silage starter culture (Chapter 4; Appendix 3). Obviously, the starter

culture contained one or more bacterial strains with pronounced hop resistance. In

view of these results it was concluded that -acids can fortify the preservation

effect of LAB due to their direct inhibitory action on clostridia, which do neither

bear nor develop hop-resistance mechanisms.

However, without fast acidification and subsequent pH reduction caused by

lactic acid bacteria hop -acids only have a limited effect (Chapter 5). In ensiling

trials with soil-contaminated grass, it was observed that hop -acids retard

clostridial growth in the starting phase, but cannot sustainably suppress the

spoilage bacteria without concomitant pH reduction provided by lactic acid

bacterial activity.

108/130



CONCLUSION AND OUTLOOK

Based on the results obtained in this study it can be concluded that hop -acids

exhibit a strong inhibitory effect on clostridial growth in vitro. Within the field of

silage production, the substances may be used to enhance the preservative effect

of LAB in order to prevent clostridial spoilage. Consequently, the combination of

plant-based antimicrobials and LAB demonstrates potential as a suitable silage

additive to control problems associated with clostridia in silage and a safe

alternative to products based on nitrite and hexamethylenetetramine.

Future aspects

There are several aspects which could not be investigated in this study but may

be a starting point for further investigations:

 It may be useful to screen for lactic acid bacterial strains relevant in the field of

silage production with stronger hop-resistance mechanisms. Thus, it would be

possible to apply a combined product with an elevated inhibitory effect on

clostridial growth in the ensiling process.

 Aside from hop resistance, a further criterion to screen for among lactic acid

bacteria could be the capability to synthesize bacteriocins. Such special

characteristics in lactic acid bacteria could help to establish another hurdle

against clostridial growth in addition to those already applied in silage

production.

 The mode of action of hop acids on susceptible bacterial cells has already been

explained for lactic acid bacteria on a cellular basis. Thus, it would be

interesting to investigate the mode of action on clostridia and clarify if these

bacteria are capable of developing resistance mechanisms under certain

conditions similar to lactic acid bacteria.

 In this thesis, no attempt was made to determine the concentration of residual

hop compounds in finished silages, but it can be expected that the

concentration of such residuals is on a very low level. In addition, the

compounds are approved as feed additives and therefore a negative impact on

livestock can be excluded. However, it could be necessary to consider the

transfer of hop compounds to milk or meat and the subsequent effect in the

processing of these products.
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 The concept of the combined use of hop acids and lactic acid bacteria may not

be limited to silage production. It could also be applied in other fields, where

Gram positive spoilage bacteria or pathogens need to be suppressed.
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Appendix one

Application of natural antibacterials in pressed pulp silage

production.

Florian Emerstorfer and Walter Hein

Poster Presentation at the 13th International Conference Forage Conservation,

Nitra. Proceedings pp. 124-125 (2008)
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Appendix two

Harz- und Hopfensaeuren als alternative biologische Konservie-

rungsstoffe.

Florian Emerstorfer, Walter Hein, Reinhard Resch, Erich M. Poetsch and

Wolfgang Kneifel

15. Alpenlaendisches Expertenforum, Bericht. BAL Gumpenstein, pp. 53-60

(2009)
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(,& 3TXNVTfVMR[LQN[ 7`XNZ\NVOWZ]U )''0$ ,* c -'

<D4A1 0./%*%0'),,0%).%)

;JZb% ]VM ;WXONV[f]ZNV JT[ JT\NZVJ\R^N$
KRWTWPR[LQN >WV[NZ^RNZ]VP[[\WOON

8TWZRJV 7UNZ[\WZONZ(#$ HJT\NZ ;NRV($ CNRVQJZM CN[LQ)$ HWTOPJVP >VNRONT* ]VM 7ZRLQ @& Bg\[LQ)

( I]LSNZOWZ[LQ]VP E]TTV 9UK;$ =W[NO%CNR\QNZ%D\ZJ[[N )(%)*$ 3%*+*' E]TTV

) ?8I CJ]UKNZP%9]UXNV[\NRV$ CNONZJ\ OhZ 8]\\NZSWV[NZ^RNZ]VP ]VM 8]\\NZKN_NZ\]VP2 3K\NRT]VP OhZ 9ZhVTJVMUJVJPNUNV\ ]VM >]T\]ZTJVM[LQJO\$

CJ]UKNZP */$ 3%/0,) <ZMVRVP

* FVR^NZ[R\f\ OhZ 4WMNVS]T\]Z$ 6NXJZ\UNV\ OhZ ?NKNV[UR\\NT_R[[NV[LQJO\NV ]VM ?NKNV[UR\\NT\NLQVWTWPRN$ @]\QPJ[[N (/$ 3%((0' HRNV

# 3V[XZNLQXJZ\VNZ1 6< 8TWZRJV 7UNZ[\WZONZ$ NUJRT1

?NQZ% ]VM 8WZ[LQ]VP[bNV\Z]U OhZ ?JVM_RZ\[LQJO\

CJ]UKNZP%9]UXNV[\NRV

I][JUUNVOJ[[]VP

6RN RV MNZ I]LSNZRVM][\ZRN [NR\ =JQZNV NZOWTPZNRLQ
NRVPN[N\b\NV VJ\hZTRLQNV HRZS[\WOON ;WXONV%e%Df]ZNV
]VM ;JZb[f]ZNV _]ZMNV RV ?JKWZ[RTJPNV UR\ 9ZJ[ ]VM
ChKNVXZN[[[LQVR\bNTV PN\N[\N\& 6JKNR _]ZMN MRN 8ZJPN
]V\NZ[]LQ\ RV_RN_NR\ MRN @gPTRLQSNR\ KN[\NQ\$ NRVN
GNZUNQZ]VP ^WV 5TW[\ZRMRNV ]V\NZ ?JKWZKNMRVP]VPNV
b] ]V\NZMZhLSNV& 6RN >WV\JURVJ\RWV MN[ 3][PJVP[UJ%
\NZRJT[ RV MNV D\ZN[[\N[\[ NZOWTP\N MJKNR hKNZ MNV I][J\b
^WV 7ZMN& 6J[ 3][UJe MN[ 5TW[\ZRMRNV_JLQ[\]U[
_]ZMN hKNZ MRN BJZJUN\NZ X;%HNZ\ ]VM 9fZ[f]ZNV
hKNZ MNV DRTRNZ^NZTJ]O ^WV 0' EJPNV KN]Z\NRT\$ _WKNR
MJ[ 3K[LQVNRMNV MNZ HRZS[\WOON UR\ 3UNR[NV[f]ZN
]VM NRVNU KRWTWPR[LQNV DRTJPN[\JZ\NZ !4WV[RTJPN OWZ\N"
^NZPTRLQNV _]ZMN&

<V MNV 9ZJ[[RTJPNV bNRP\N [RLQ MJKNR$ MJ[[ NRVN FV%
\NZMZhLS]VP RU PN\N[\N\NV >WVbNV\ZJ\RWV[KNZNRLQ RU
GNZPTNRLQ b]U DRTJPN[\JZ\NZ ]VM 3UNR[NV[f]ZN _NVRPNZ
P]\ PNTRVP\ ]VM MRN WX\RUJTNV 7RV[J\bSWVbNV\ZJ\RWVNV
VWLQ VRLQ\ PNO]VMNV _NZMNV SWVV\NV& <V MNV ChKNV%
XZN[[[LQVR\bNT[RTJPNV JVMNZNZ[NR\[ SWVV\N NRV NRVMN]\RPNZ
GNZKN[[NZ]VP[NOONS\ hKNZ MNV I][J\b MNZ HRZS[\WOON
PNPNVhKNZ MNZ 3V_NVM]VP MN[ DRTJPN[\JZ\NZ[ NZbRNT\
_NZMNV& 6RN PNUNRV[JUN 3V_NVM]VP MNZ HRZS[\WOON
UR\ MNZ DRTJPN[\JZ\NZS]T\]Z OhQZ\N b] NRVNZ MN]\TRLQNV
CNM]S\RWV ^WV 4]\\NZ[f]ZN RV MNV D\ZN[[\N[\[ ]VM b]
NRVNZ GNZKN[[NZ]VP MN[ 9fZ[f]ZNVU][\NZ[ VJLQ 0'
EJPNV DRTRNZMJ]NZ& DLQTRNeTRLQ _]ZMN MRN <MNN b]Z
>WUKRVJ\RWV QWXONVZN[R[\NV\NZ @RTLQ[f]ZNKJS\NZRNV
]VM ;WXONV%e%Df]ZNV PN\N[\N\ ]VM JT[ NZOWTPZNRLQ[\N
GJZRJV\N RMNV\R!bRNZ\&

6RN ^WZTRNPNVMNV 7ZPNKVR[[N KN[\f\RPNV MJ[ BW\NV\RJT
OhZ VJ\hZTRLQN 4RW[\JKRTR[J\WZNV _RN ;WXONV%e%Df]ZNV
MRN 7V\_RLST]VP ^WV 5TW[\ZRMRNV b] ]V\NZMZhLSNV ]VM
bNRPNV MJZhKNZ QRVJ][ @gPTRLQSNR\NV b]Z >WUKRVJ\RWV
MNZ HRZS[\WOON UR\ @RTLQ[f]ZNKJS\NZRNV J]O& 8hZ MRN NZ%
OWTPZNRLQN FV\NZMZhLS]VP ^WV 5TW[\ZRMRNVONQTPfZ]VPNV
RV DRTJPNV SgVV\N [WUR\ UR\ ;WXONV%e%Df]ZNV NRV VN]NZ
VJ\hZTRLQNZ ]VM PN[]VMQNR\TRLQ ]VKNMNVSTRLQNZ HRZS[\WOO
PNO]VMNV _WZMNV [NRV&

3K[\ZJL\

AJ\]ZJT JV\RKJL\NZRJT[ KJ[NM WV QWX KN\J JLRM[ JVM ZW[RV
JLRM[ QJ^N KNNV []LLN[[O]TTa JXXTRNM RV \QN []PJZ RVM][\Za
\W LWUKJ\ URLZWWZPJVR[U[ OWZ aNJZ[& <V \QR[ [\]Ma \QN
[]K[\JVLN[ _NZN \N[\NM RV [RTJPN[ _R\Q PZJ[[ JVM XZN[[NM
[]PJZ KNN\ X]TX \W ZN^NJT \QNRZ XW\NV\RJT RV []XXZN[[RVP
LTW[\ZRMRJ PZW_\Q& EQN LTW[\ZRMRJ LWV\JURVJ\RWV RV \QN
LQJTTNVPN \N[\[ _J[ MWVN Ka JMUR`RVP [WRT \W OZN[Q
UJ\NZRJT& EQN RUXJL\ WV LTW[\ZRMRJ PZW_\Q M]ZRVP [RTJPN
ONZUNV\J\RWV RV TJKWZJ\WZa [RTW[ _J[ J[[N[[NM Ka MN\NZ%
URVJ\RWV WO X; % ^JT]N JVM WZPJVRL JLRM[ LWUXW[R\RWV
W^NZ 0' MJa[& 8WZ LWUXJZR[WV$ [RTJPN JMMR\R^N[ []LQ J[
OWZURL JLRM JVM J KRWTWPRLJT [RTJPN [\JZ\NZ !4WV[RTJPN
OWZ\N"$ _NZN RVLT]MNM RV \QN \ZRJT[&

<V PZJ[[ [RTJPN[ ZN[]T\[ RVMRLJ\N \QJ\ VJ\]ZJT JV\RKJL\NZRJT[
_NZN TN[[ NOONL\R^N \QJV OWZURL JLRM JVM \QN [RTJPN [\JZ\NZ&
<V XZN[[NM []PJZ KNN\ X]TX VJ\]ZJT JV\RKJL\NZRJT[ [QW_NM
[RPVR!LJV\Ta KN\\NZ ZN[]T\[ \QJV \QN [RTJPN [\JZ\NZ L]T\]ZN&
3 LWUKRVNM JXXTRLJ\RWV WO VJ\]ZJT JV\RKJL\NZRJT[ JVM \QN
[RTJPN [\JZ\NZ TNJM \W O]Z\QNZ RUXZW^NUNV\[ _R\Q ZN[XNL\
\W WZPJVRL JLRM[ LWUXW[R\RWV JVM K]\aZRL JLRM LWV\NV\&
7^NV\]JTTa$ \QN RMNJ \W ][N J LWUKRVJ\RWV WO QWX%ZN[R[\JV\
TJL\RL JLRM KJL\NZRJ JVM QWX KN\J JLRM[ _J[ \N[\NM JVM
ZN^NJTNM KN[\ ZN[]T\[&

EQN W]\LWUN WO \QR[ [\]Ma RVMRLJ\N[ \QJ\ VJ\]ZJT JV\RKJL%
\NZRJT[$ []LQ J[ QWX KN\J$ JLRM[ LJV []XXZN[[ LTW[\ZRMRJ
PZW_\Q RV [RTJPN[ JVM MNUWV[\ZJ\N[ [WUN XW[[RKRTR\RN[
OWZ \QN LWUKRVNM ][N WO VJ\]ZJT JV\RKJL\NZRJT[ JVM TJL\RL
JLRM KJL\NZRJ& 5WV[NY]NV\Ta$ \QN[N VJ\]ZJTTa MNZR^NM
XTJV\ RVPZNMRNV\[ UJa XZW^RMN J VN_ [RTJPN JMMR\R^N
OWZ []LLN[[O]T []XXZN[[RWV WO LTW[\ZRMRJ RV [RTJPN ONZ%
UNV\J\RWV&
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;L[c$ ^XO ;YZQPX\k^[PX LV\ LV]P[XL]T_P# MTYVYRT\NSP >YX\P[_TP[^XR\\]YQQP,+

(% 7TXVPT]^XR
EPT] 4PRTXX OP[ (00'P[ =LS[P `P[OPX TX h\]P[[PTNS LV]P[$
XL]T_P C[YO^U]P c^[ 4PUkWZQ^XR _YX @TU[YY[RLXT\WPX TX
OP[ K^NUP[Z[YO^U]TYX PTXRP\P]c]% 6L_Y[ _P[cTNS]P]P WLX
L^\ <WLRPR[mXOPX Q[PT`TVVTR L^Q OPX TW 7a][LU]TYX\MP[PTNS
mMVTNSPX 7TX\L]c _YX 8Y[WLVTX% <X OPX K^NUP[QLM[TUPX
W^\\]P WLX X^X LVVP[OTXR\ WT] PTXP[ _P[\]k[U] L^Q][P]PXOPX
3U]T_T]k] _YX @TU[YY[RLXT\WPX# ^XO OLWT] _P[M^XOPX#
SlSP[PX >YXcPX][L]TYXPX LX WTU[YMTYVYRT\NSPX E]YQQ`PNS$
\PVZ[YO^U]PX !TX P[\]P[ ?TXTP @TVNS\k^[P" TX OPX _P[L[MPT$
]P]PX EkQ]PX QP[]TR `P[OPX% 6TP\ QmS[]P TX]P[P\\LX]P[`PT\P
c^ PTXP[ HP[MP\\P[^XR OP[ 3MZ[P\\ML[UPT] OP[ Pa][LSTP[]PX
ENSXT]cPV \Y`TP VP]c]PXOVTNS c^ PTXP[ 7XP[RTPPTX\ZL[^XR MPT
OP[ F[YNUX^XR OP[ 7a][LU]TYX\[mNU\]kXOP# M[LNS]P LMP[ TW
C[YcP\\ XPMPX K^NUP[_P[V^\]PX _P[\NSTPOPXP C[YMVPWP WT]
\TNS !;B??3GE ^XO CB??35;# (0/-2 CB??35; ^XO
;B??3GE# (0//"% 8Y[]RP\P]c]P E]^OTPX c^[ HP[MP\\P[^XR
OP[ ENSXT]cPVLMZ[P\\ML[UPT] MTVOP]PX X^X OTP 9[^XOVLRP Qm[
PX]\NSPTOPXOP 4PYMLNS]^XRPX1 @LX P[ULXX]P# OL\\ OTP MLU$
]P[TcTOP IT[U^XR _YX <XSLV]\\]YQQPX OP\ ;YZQPX\ L^NS c^[
4PUkWZQ^XR WTU[YMTYVYRT\NSP[ 3U]T_T]k] MPT OP[ K^NUP[$
RP`TXX^XR RPX^]c] `P[OPX ULXX !CB??35; P] LV%# (00-2
;7<A ^XO CB??35;# (00."% <X OP[ 4[L^P[PTTXO^\][TP
\PT] =LS[S^XOP[]PX PTXRP\P]c]# MY]PX OTP\P LX]TWTU[YMTPVVPX
E^M\]LXcPX PX]\NSPTOPXOP HY[]PTVP RPRPXmMP[ 8Y[WLVTX# OL
\TP LV\ ^XRPQkS[VTNS Qm[ @PX\NS ^XO FTP[ LXRP\PSPX `P[OPX%
<X `PT]P[P[ 8YVRP `^[OPX L^NS ;L[c\k^[PX ^XO 8P]]\k^[PX
!@b[T\]TX\k^[P" P[QYVR[PTNS PTXRP\P]c]% 7[\]P[P \ZTPVPX MPT
OP[ ;P[\]PVV^XR _YX DP]\TXL# OPW ]bZT\NSPX RPSL[c]PX
R[TPNST\NSPX IPTX# PTXP kSXVTNSP DYVVP `TP ;YZQPX\k^[PX
MPT OP[ ;P[\]PVV^XR _YX 4TP[% 8P]]\k^[PX `TPOP[^W \TXO
XL]m[VTNSP 4P\]LXO]PTVP _YX Z#LXcVTNSPX hVPX ^XO @TVNS$
Z[YO^U]PX% 6TP _Y[]PTVSLQ]PX 7TRPX\NSLQ]PX OP[ IT[U\]YQQP
`^[OPX Qm[ _P[\NSTPOPXP 3X`PXO^XR\MP[PTNSPX RPXL^P[
^X]P[\^NS]% !A3DK<j# (0/-2 4DB5>@3AA P] LV%# (0/.2
=B;AEBA P] LV%# (0.*2 ;BDAE7J# )''.2 47G5;3F ^XO
9B?67A# (0/02 Eh67D47D9# (00'"%

7TX PX]\NSPTOPXOP[ ENS[T]] c^[ HP[WL[U]^XR OTP\P[ LV]P[XL]T$
_PX C[YO^U]P VLR OLXX _Y[ LVVPW TX OP[ K^\LWWPXL[MPT] WT]
PTXP[ L^Q OPW;YZQPX\PU]Y[ ]k]TRPX CL[]XP["[WL% 9PWPTX\LW
WT] OTP\PW CL[]XP[^X]P[XPSWPX `^[OPX OTP 3X`PXO^XR\$
WlRVTNSUPT]PX OP[ IT[U\]YQQP _P[QPTXP[] ^XO OL\ d>YXcPZ]
OP[ XL]m[VTNSPX 4TY\]LMTVT\L]Y[PX Qm[ OTP K^NUP[TXO^\][TPe
PX]`TNUPV] !CB??35;# (00,2 CB??35; ^XO ;7<A# )''(2
CB??35; P] LV%# )'')# )''+2 ;7<A P] LV%# )''-"%

iMP[ OTP =LS[P OP\ P[QYVR[PTNSPX 7TX\L]cP\ OP[ IT[U\]YQQP
MVTPMPX OTP3X`PXO^XR\RPMTP]P LVVP[OTXR\ XTNS] LVVPTXP L^Q
OTP 4PUkWZQ^XR _YX ]SP[WYZSTVPX @TU[YY[RLXT\WPX TW
7a][LU]TYX\MP[PTNS MP\NS[kXU]% HTPVWPS[ UYXX]PX L^NS TX
_P[\NSTPOPXPX LXOP[PX3M\NSXT]]PX OP[ K^NUP[SP[\]PVV^XR#
`TP c%4% TX 7X]Sk[]^XR\LXVLRPX# MPT OP[ 6TNU\LQ]VLRP[^XR
\Y`TP DmMPXVLRP[^XR P[QYVR[PTNS @TU[YY[RLXT\WPX MP$
UkWZQ] `P[OPX K^OPW RPVLXR P\ `TPOP[SYV] 5VY\][TOTPX$
TXQPU]TYXPX WT] ;TVQP _YX ;YZQPX$j$Ek^[PX `T[U^XR\_YVV
c^[mNUc^O[kXRPX ^XO TX PTXP P[`mX\NS]P @TVNS\k^[PRk[^XR
^Wc^`LXOPVX !7@7DEFBD87D# )'',2 ;7<A P] LV%# )'')2
;7<A P] LV%# )''-"%

<X HP[MVPTM\]^OTPX WT] OPX MT]]P[ \NSWPNUPXOPX ;YZQPX$
\k^[PX `^[OP `TPOP[^W XLNSRP`TP\PX# OL\\ UL^W DP\]P

TW IPTjc^NUP[ QP\]\]PVVML[ \TXO# PTX R[YjP[ 3X]PTV OP[ TX
OP[ 7a][LU]TYX PTXRP\P]c]PX C[YO^U]P LMP[ `kS[PXO OP[
7a][LU]TYX TX OTP C[P\\\NSXT]cPV RPVLXR] !;7<A P] LV%#
)''-"% @LX RLM \TNS STP[ PTX\]`PTVPX OLWT] c^Q[TPOPX#
OL\\ XPRL]T_P DmNUWPVO^XRPX _YX\PT]PX OP[ 4L^P[X# OTP
OTP C[P\\\NSXT]cPV PX]`POP[ Q[T\NS YOP[ XLNS ETVTP[^XR
LV\ FTP[Q^]]P[ _P[`PXOPX# L^\MVTPMPX% 3VVP[OTXR\ `^[OPX
MP[PT]\ TW =LS[ (000 _YX CYVVLNS HP[W^]^XRPX mMP[ WlR$
VTNSP ZY\T]T_P 7QQPU]P TX OPX 7a][LU]TYX\[mNU\]kXOPX O^[NS
GX]P[O[mNU^XR MP\]TWW]P[ ^XP[`mX\NS]P[ @TU[YY[RLXT\$
WPXR[^ZZPX LXRP\]PVV] !CB??35; P] LV% (0002 CB??35;#
)'')2 9G6@GA6EBA# (00/"%

<W 4P\][PMPX OTP 7TX\L]cRPMTP]P Qm[ OTP IT[U\]YQQP L^Q
4P[PTNSP L^NS L^jP[SLVM OP[ K^NUP[TXO^\][TP c^ P[`PT]P[X
`^[OPX OTP\P iMP[VPR^XRPX X^X `TPOP[ L^QRPR[TQQPX% 3^\
OP[ TX]PX\T_PX `T\\PX\NSLQ]VTNSPX 4P\NSkQ]TR^XR WT] OPX
dXL]m[VTNSPX 4TY\]LMTVT\L]Y[PXe `L[ MPULXX]# OL\\ R[LW$
ZY\T]T_P 4LU]P[TPX f L^QR[^XO TS[P[ KPVV`LXO\][^U]^[
f MP[PT]\ WT] RP[TXRPX 7TX\L]cUYXcPX][L]TYXPX OP[ IT[U$
\]YQQP MPUkWZQ] `P[OPX UlXXPX# `YSTXRPRPX R[LWXPRL]T_P
4LU]P[TPX# ;PQPX ^XO ENSTWWPVZTVcP PSP[ ^XPWZ"XOVTNS
\TXO% <X\MP\YXOP[P OTP WPS[QLNS MPYMLNS]P]P 7QQPU]T_T]k]
_YX ;YZQPX$j$Ek^[PX RPRPX 5VY\][TOTPX P[\NSTPX _TPV _P[$
\Z[PNSPXO%3^\ OTP\PW 9[^XO `^[OP OL\ ;L^Z]L^RPXWP[U
L^Q 4P[PTNSP RP[TNS]P] TX OPXPX R[LW$ZY\T]T_P ENSLOUPTWP
`TP 5VY\][TOTPX PTXP mMP[RPY[OXP]P DYVVP \ZTPVPX ^XO OP[PX
`T[]\NSLQ]VTNSP 4POP^]^XR LV\ MP][kNS]VTNS LXRP\PSPX `P[$
OPX ULXX% 6LMPT UYXX]P WT] OP[ ;P[\]PVV^XR _YX ETVLRPX c^[
FTP[Qm]]P[^XR PTX TX]P[P\\LX]P[ 4P[PTNS TOPX]T"cTP[] `P[OPX
!I<?><AEBA ^XO FB<HBA7A# )''*2 6?9# )''-2"

<X PTXPW P[\]PX ENS[T]] `^[OPX X^X TW DLSWPX PTXP[ 6T$
ZVYWL[MPT] LX OP[ GXT_P[\T]k] Qm[ 4YOPXU^V]^[ 6L]PX c^[
WTXTWLVPX ;PWWUYXcPX][L]TYX _YX ?PT]UPTWPX L^\ OPW
ETVLRPMP[PTNS TX * WTU[YMTYVYRT\NSPX FP\]_P[QLS[PX RPRPX
XL]m[VTNSP 4TY\]LMTVT\L]Y[PX !;YZQPX$j$Ek^[PX# ;L[c\k^[PX
^XO @b[T\]TX\k^[P" RP\LWWPV] !EK3?3J# )''."% 6TP P[$
cTPV]PX FP\]P[RPMXT\\P MP\]k]TR]PX P[XP^] OTP SP[_Y[[LRPXOP
IT[U\LWUPT] _YX ;YZQPX$j$Ek^[PX ^XO ;L[c\k^[PX RPRPX
5VY\][TOTPX% 4L\TP[PXO L^Q OTP\PX 7[UPXX]XT\\PX `^[OPX
X^X GX]P[\^NS^XRPX RP\]L[]P] ^W OTP ;PWW`T[U^XR XL$
]m[VTNSP[ 4TY\]LMTVT\L]Y[PX RPRPX 5VY\][TOTPX TX ETVLRPX c^
]P\]PX ^W OL\ CY]PX]TLV OP[ IT[U\]YQQP Qm[ OTP\PX 4P[PTNS
L^\VY]PX c^ UlXXPX%

<X HY[L[MPT]PX )''. ^XO )''/ `^[OPX DmMPXZ[P\\\NSXT]cPV
L^\ OP[ K^NUP[QLM[TU F^VVX TW ?LMY[WLj\]LM \TVTP[] ^XO
XLNS '# .# (+# *'# -' ^XO 0' FLRPX ETVTP[OL^P[ ^X]P[\^NS]%
K^[ 5SL[LU]P[T\TP[^XR OP[ ETVLRPX `^[OPX F[YNUPX\^M$
\]LXc`P[]P# Z;$IP[]P ^XO 9k[\k^[P\ZPU][PX P[WT]]PV]%

6L\ ;L^Z]L^RPXWP[U `^[OP TX OTP\PX HY[_P[\^NSPX L^Q
@lRVTNSUPT]PX c^[ 5VY\][TOTPXUYX]LWTXL]TYX !7[OP# 5VY\$
][TOTPX\ZY[PXc^\L]c" ^XO OTP 7[cTPV^XR _YX 8PSVRk[^XRPX
TX ^X]P[\NSTPOVTNSPX 4PVL\]^XR\\]^QPX !7[O$ Mc %̀ EZY[PX$
c^\L]c# C^QQP[^XR WT]]PV\ AL][T^WNL[MYXL]# 7[SlS^XR OP\
8P^NS]TRUPT]\RPSLV]\# ^\ %̀" RPVPR]% <X OPX HY[_P[\^NSPX
`^[OPX L^NS P[\]P 7[UPXX]XT\\P c^[ IT[U\]YQQPTXM[TXR^XR
^XO c^ `T[U\LWPX >YXcPX][L]TYXPX _YX ;YZQPX$j$
Ek^[PX ^XO ;L[c\k^[PX RP\LWWPV] ^XO OP[ ;PWWPQQPU]
OP[ IT[U\]YQQP TW HP[RVPTNS c^ NVY\][TOTPXSPWWPXOPX
ETVTP[STVQ\WT]]PVX !3WPT\PX\k^[P# MTYVYRT\NSP E]L[]P[$
U^V]^[PX# AT][T]&;PaLWP]SbVPX]P][LWTX" ^X]P[\^NS]%
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//>L\c' _YO >Z[QPY]n_\PY LW] LW^P\YL^T`P& MTZWZRT]NSP @ZY]P\`TP\_YR]]^ZQQP ////

9L\pMP\ STYL_] a_\OPY @ZXMTYL^TZY]XoRWTNSVPT^PY
`ZY 7TZ]^LMTWT]L^Z\PY XT^ MTZWZRT]NSPY F^L\^P\V_W^_\PY
#BF7$ RP^P]^P^ ]ZaTP P\]^P GP]^] c_\ @ZXMTYL^TZY SZ['
QPY\P]T]^PY^P\ BTWNS]n_\PMLV^P\TPY XT^ >Z[QPY'm'Fn_\PY
O_\NSRPQpS\^(

?Y OPY ;\RPMYT]]PY cPTR^PY ]TNS TY P\OVZY^LXTYTP\^PY
D\P]]]NSYT^cPW]TWLRPY \PRPWXnmTR SZSP 7_^^P\]n_\PaP\^P&
aZSTYRPRPY OP\ K_]L^c `ZY 8WZ]^\TOTPY][Z\PY YTNS^ OTP
P\SZQQ^P <PSWRn\_YR SP\`Z\c_\_QPY `P\XZNS^P( ?Y OPY
P\OVZY^LXTYTP\^PY FTWLRPY VZYY^PY pMP\ OPY K_]L^c `ZY
>Z[QPY'm'Fn_\PY ]ZaTP BT]NS_YRPY `ZY >Z[QPY'm'Fn_\PY
XT^ >L\c]n_\PY TY OP\ =\omPYZ\OY_YR `ZY /* MT] +** [[X
7_^^P\]n_\PaP\^P RP\TYR RPSLW^PY aP\OPY( 9TP JT\V]^ZQQP
]NSYT^^PY OLMPT nSYWTNS R_^ LM aTP NWZ]^\TOTPYSPXXPY'
OP MTZWZRT]NSP FTWLRP]^L\^P\( 6_NS @ZXMTYL^TZYPY `ZY
>Z[QPY'm'Fn_\PY XT^ MTZWZRT]NSPY FTWLRP]^L\^P\Y cPTR^PY
TX IP\RWPTNS c_ IL\TLY^PY XT^ LWWPTYTRP\ 6YaPYO_YR `ZY
F^L\^P\V_W^_\PY YTPO\TRP\P 7_^^P\]n_\PaP\^P _YO ]ZXT^ ZQ'
QPYML\ MP]]P\P >PXXPQQPV^P L_Q 8WZ]^\TOTPY& TY]MP]ZYOP\P
^\LQ OTP] L_Q @ZXMTYL^TZYPY `ZY >Z[QPY'm'Fn_\PY XT^
SZ[QPY\P]T]^PY^PY BTWNS]n_\PMLV^P\TPY c_(

;MPY]Z a_\OP TX FZXXP\ ,**1 PTY P\]^P\ IZ\`P\]_NS
XT^ =\L] TY K_]LXXPYL\MPT^ XT^ OPX A<K EL_XMP\R'
=_X[PY]^PTY LYLWZR c_ OPY D\P]]]NSYT^cPW`Z\`P\]_NSPY
O_\NSRPQpS\^( >TP\ a_\OP OTP @ZY^LXTYL^TZY OP] BL^P\TLW]
LWWP\OTYR] YTNS^ pMP\ ;\Oc_]L^c& ]ZYOP\Y pMP\ PTYP 8WZ]^\T'
OTPY][Z\PY]_][PY]TZY& LYRP\PTNSP\^ L_] M_^^P\]n_\PSnW^TRPY
D\P]]]NSYT^cPW]TWLRPY& `Z\RPYZXXPY( ?Y OP\ 6_]aP\^_YR
OP\ =n\]n_\PY VZYY^P LMP\ ^\Z^c K_]L^c `ZY 8WZ]^\TOTPY'
][Z\PY TY VPTYP\ OP\ _Y^P\]_NS^PY IL\TLY^PY PTYP 7_^^P\'
]n_\PQPSWRn\_YR RPQ_YOPY aP\OPY(

9TP ;\VPYY^YT]]P L_] OPY ZMPY MP]NS\TPMPYPY IZ\`P\]_NSPY
XT^ D\P]]]NSYT^cPW' _YO =\L]]TWLRPY MTWOP^PY OTP =\_YOWLRP
Qp\ OTP DWLY_YR OP\ >L_[^`P\]_NSP(

,( BL^P\TLW _YO BP^SZOPY

%./.*4-./+50.66*/ 71) !.256&'./.5&624/9571,*1
7P^LF^LM +*64 >Z[QPY'm'Fn_\PY TY an]]\TRP\ LWVLWT]NSP\i
Ao]_YR& JT\V]^ZQQVZYcPY^\L^TZY +* ! #a)a$& 7P^LGPN
=XM>& Cp\YMP\R5

DTWPF^LM ,*64 >L\c]n_\PY TY an]]\TRP\ LWVLWT]NSP\ Ao'i
]_YR& JT\V]^ZQQVZYcPY^\L^TZY +0 ! #a)a$& K_NVP\QZ\'
]NS_YR G_WWY =XM>& G_WWY5

7ZY]TWLRP QZ\^P4 BT]NS_YR SZXZ' _YO SP^P\ZQP\XPY^L^T'i
`P\ BTWNS]n_\PMLV^P\TPY& >( JTWSPWX FNSL_XLY =XM>
" 8Z @=& 7\_YY LX =PMT\RP(

6XPT]PY]n_\P 2/ !i

>Z[QPY\P]T]^PY^P BTWNS]n_\PMLV^P\TPY4i
F^LXX +.0.4 ALN^ZMLNTWW_] M\P`T] GBJ +(-+0 #>P^P\Z'
QP\XPY^P\$5
F^LXX +.004 DPOTZNZNN_] OLXYZ]_] GBJ ,(0+ #>ZXZ'
QP\XPY^P\$
c_\ IP\QpR_YR RP]^PWW^ `ZY D\ZQ( E_OT IZRPW& HYT`P\]T^n^
c_ JPTSPY]^P[SLY& BpYNSPY5 IZ\c_NS^ TY BEF'BPOT_X&
IP\aPYO_YR `ZY ,.'S LW^PY @_W^_\PY& ;TYM\TYR_YR `ZY
\_YO +*/ @7; #ALN^ZMLNTWWPY % DPOTZNZNNPY$ [\Z R
<B5
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?X <\pSULS\ _YO FZXXP\ ,**2 a_\OPY TY K_]LXXPYL\MPT^
XT^ OPX A<K EL_XMP\R'=_X[PY]^PTY IP\]_NSP XT^ =\L]
O_\NSRPQpS\^( <p\ OTP OTP @ZY^LXTYL^TZY OP] BL^P\TLW]
XT^ 8WZ]^\TOTPY a_\OP L_Q OPY K_]L^c `ZY ;\OP #0&,/ R [\Z
VR <\T]NSXL]]P$ c_\pNVRPR\TQQPY( KTPW]P^c_YR TX 6MWL_Q
aL\ UPaPTW] PTYP \PWL^T` V_\cP 6YaPWVcPT^ YLNS OPX =\L]'
]NSYT^^& _X OTP 8SLYNPY Qp\ PTYP 8WZ]^\TOTPYQPSWRn\_YR c_
P\SoSPY& OL\pMP\ STYL_] a_\OP OTP <pWWXPYRP [\Z =WL]
L_Q /** R MP]NS\nYV^ _X VPTYP c_ ]^L\VP IP\OTNS^_YR c_
P\SLW^PY( 9TP IP\]_NS]O_\NSQpS\_YR ]PWM]^ P\QZWR^P TY PTYP\
BT]NSXL]NSTYP( 9TP MPYo^TR^P BPYRP LY `Z\cP\VWPTYP\'
^PX =\L] a_\OP PTYRPaZRPY _YO TY OTP BT]NSXL]NSTYP
RPQpWW^( 6Y]NSWTPmPYO P\QZWR^P _Y^P\ ]^nYOTRPX BT]NSPY
OL] ;TYM\TYRPY `ZY ;\OP #0&,/ R [\Z VR <\T]NSXL]]P$ _YO
OP\ UPaPTWTRPY K_]n^cP( 9TP FTWTP\STWQ]XT^^PW a_\OPY YLNS
>P\]^PWWP\LYRLMP `Z\MP\PT^P^ _YO XT^ >TWQP `ZY F[\pS'
"n]NSNSPY PTYRP][\pS^& aZMPT [\Z VR <\T]NSXL]]P +/ R
OP\ UPaPTWTRPY Ao]_YR #FTWTP\STWQ]XT^^PW& 7TZ]^LMTWT]L^Z\PY$
PTYRPM\LNS^ a_\OPY( CLNS PTYP\ =P]LX^XT]NSOL_P\ `ZY +/
XTY a_\OP OL] BL^P\TLW L_]RPVT[[^ _YO LY]NSWTPmPYO TY OTP
=Wn]P\ RP]^Z[Q^( CLNS W_Q^OTNS^PX IP\]NSWTPmPY OP\ =Wn]P\
#9TNS^_YR& F[LYY\TYR$ P\QZWR^P OP\ G\LY][Z\^ YLNS G_WWY _YO
OTP ALRP\_YR TY PTYPX @WTXL]NS\LYV MPT ,/l8(

K_\ 7PZMLNS^_YR OP] FTWTP\`P\WL_Q] a_\OPY UP - =Wn]P\
[\Z K_]L^c`L\TLY^P YLNS ,& 1& +.& -*& 0* _YO 3* GLRPY
RPoQQYP^( 9L] BL^P\TLW OP\ =Wn]P\ PTYP\ UPOPY @ZY^\ZWWP
Mca( IL\TLY^P a_\OP c_X UPaPTWTRPY 6_]WLRP\_YR]'
cPT^[_YV^ c_ PTYPX BT]NSX_]^P\ `P\PTY^ _YO Qp\ OTP
HY^P\]_NS_YRPY `P\aPYOP^( <p\ OTP _Y^P\]_NS^PY DL'
\LXP^P\ G\ZNVPY]_M]^LYc& =n\]n_\PY][PV^\_X #>DA8$
_YO [>'JP\^P P\QZWR^PY 9Z[[PWMP]^TXX_YRPY L_] OPY
UPaPTWTRPY BT]NSX_]^P\Y( 9L] Q\T]NSP 6_]RLYR]XL^P\TLW
a_\OP TY LYLWZRP\ JPT]P L_Q OTP RPYLYY^PY DL\LXP^P\
STY _Y^P\]_NS^( 9L\pMP\ STYL_] P\QZWR^P PTYP XTV\Z'
MTZWZRT]NSP 8SL\LV^P\T]TP\_YR LY OP\ K_NVP\QZ\]NS_YR
G_WWY& 6M^PTW_YR BTV\ZMTZWZRTP5 _YO OP\ HYT`P\]T^n^ Qp\
7ZOPYV_W^_\& 9P[L\^XPY^ Qp\ APMPY]XT^^PWaT]]PY]NSLQ'
^PY _YO '^PNSYZWRTP ]ZaTP CnS\]^ZQQ_Y^P\]_NS_YRPY LX
<_^^P\XT^^PWWLMZ\ EZ]PYL_( 9TP WP^c^RPYLYY^PY DL\LXP^P\
aP\OPY STP\ L_] DWL^cR\pYOPY YTNS^ RPYL_P\ LMRPSLY'
OPW^( ;TYP 7P_\^PTW_YR OP\ PTYRP]P^c^PY JT\V]^ZQQP _YO
FTWTP\STWQ]XT^^PW P\QZWR^ pMP\ OTP P\cTPW^PY [>'JP\^P _YO
=n\]n_\P][PV^\PY(
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<p\ ]b]^PXL^T]NSP IP\]_NSP a_\OPY TX CZ`PXMP\ ,**2
VZY`PY^TZYPWWP EpMPY[\P]]]NSYT^cPW L_] OP\ K_NVP\QL'
M\TV G_WWY MPcZRPY( 9TP]P D\P]]]NSYT^cPW a_\OPY TY OP\
K_NVP\QZ\]NS_YR G_WWY _YXT^^PWML\ YLNS G\LY][Z\^ `P\'
aPYOP^( 6_]\PTNSPYO ;\OXL^P\TLW c_\ @ZY^LXTYL^TZY OP\
D\P]]]NSYT^cPW a_\OP `ZX =PWnYOP OP\ K_NVP\QLM\TV G_WWY
RP]LXXPW^& TX G\ZNVPY]NS\LYV MPT 1*l8 RP^\ZNVYP^ _YO
LY]NSWTPmPYO RP]TPM^ _X QPTYP]& \TP]PWQnSTRP] _YO OLXT^
MP]]P\ PTYXT]NSML\P] BL^P\TLW c_ P\SLW^PY(

9TP IP\]_NS]O_\NSQpS\_YR ]PWM]^ P\QZWR^P TY PTYP\ BT]NS'
XL]NSTYP( 9TP MPYo^TR^P BPYRP LY D\P]]]NSYT^cPWY a_\OP
PTYRPaZRPY _YO TY OTP BT]NSXL]NSTYP RPQpWW^( 6Y]NSWTP'
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=M]e% `ZP =[\RQZ^p`]QZ MX^ MX_Q]ZM_UaQ$ NU[X[SU^OTQ ?[Z^Q]aUQ]`ZS^^_[RRQ-.

oQZP Q]R[XS_Q `Z_Q] ^_pZPUSQY AU^OTQZ PM^ 9UZN]UZSQZ
a[Z 9]PQ ".$*- S \][ WS ;]U^OTYM^^Q# `ZP PQ] VQbQUXUSQZ
L`^p_eQ& 8UQ GUXUQ]TUXR^YU__QX b`]PQZ ZMOT =Q]^_QXXQ]MZ%
SMNQ a[]NQ]QU_Q_ `ZP YU_ =UXRQ a[Z G\]rT#p^OTOTQZ QUZ%
SQ^\]rT_$ b[NQU \][ WS ;]U^OTYM^^Q )- S PQ] VQbQUXUSQZ
@q^`ZS "GUXUQ]TUXR^YU__QX$ 6U[^_MNUXU^M_[]QZ# QUZSQN]MOT_
b`]PQZ& BMOT QUZQ] <Q^MY_YU^OTPM`Q] a[Z )- YUZ b`]PQ
PM^ AM_Q]UMX M`^SQWU\\_ `ZP MZ^OTXUQoQZP UZ PUQ <Xp^Q]
SQ^_[\R_$ b[NQU 0-( S AM_Q]UMX \][ <XM^ aQ]bQZPQ_ b`]%
PQZ& BMOT X`R_PUOT_QY JQ]^OTXUQoQZ PQ] <Xp^Q] "8UOT_`ZS$
G\MZZ]UZS# Q]R[XS_Q PUQ JQ]N]UZS`ZS UZ PQZ ?XUYM^OT]MZW
`ZP 6QN]r_`ZS NQU *-k7&

L`] 6Q[NMOT_`ZS PQ^ GUXUQ]aQ]XM`R^ UZ PQZ JQ]^`OTQZ YU_
D]Q^^^OTZU_eQXZ$ Q]R[XS_QZ mRRZ`ZSQZ a[Z VQ + <Xp^Q]Z
\][ JM]UMZ_Q ZMOT *$ /$ ),$ +($ .( `ZP 1( HMSQZ$ b[NQU
e` MXXQZ LQU_\`ZW_QZ H][OWQZ^`N^_MZe$ <p]^p`]QZ^\QW_%
]`Y "=D@7# `ZP \=%KQ]_Q NQ^_UYY_ b`]PQZ& 8M]rNQ]
TUZM`^ e` JQ]^`OT^NQSUZZ `ZP %QZPQ PUQ QNQZ SQZMZZ_QZ
DM]MYQ_Q] ^[bUQ PQ] L`OWQ]SQTMX_ "GMOOTM][^Q$ <X`O[^Q$
;]`O_[^Q# YU__QX^ =D@7& GOTXUQoXUOT b`]PQ PUQ aQ]bQZPQ_Q
9]PQ M`R UT]QZ 7X[^_]UPUQZ^\[]QZSQTMX_ TUZ `Z_Q]^`OT_& 8UQ
9]SQNZU^^Q PQ] L`OWQ]NQ^_UYY`ZSQZ `ZP 7X[^_]UPUQZ^\[%
]QZSQTMX_Q bQ]PQZ UZ PUQ^Q] 5]NQU_ VQP[OT ZUOT_ SQZM`Q]
MNSQTMZPQX_& 9UZQ 6Q`]_QUX`ZS PQ] QUZSQ^Q_e_QZ KU]W^_[RRQ
`ZP GUXUQ]TUXR^YU__QX Q]R[XS_ rNQ] PUQ Q]YU__QX_QZ \=%KQ]_Q
`ZP <p]^p`]Q^\QW_]QZ&

'86,/5=68,/8/2;<50 <5.

#5+3?9/54/;16./5"
H][OWQZYM^^Q2 *, G_`ZPQZ NQU )(-k7 UY H][OWQZ^OT]MZW$
e`Y 5NWrTXQZ JQ]N]UZS`ZS UZ 9c^UOOM_[]$ MZ^OTXUQoQZP
5`^bMMSQ&

\= `ZP <p]^p`]Q^\QW_]`Y2 8UQ MZMXd_U^OTQZ IZ_Q]^`OT`Z%
SQZ e`] 6Q^_UYY`ZS PQ^ \=%KQ]_^ `ZP PQ] <p]^p`]QZ
b`]PQZ UZ bp^^]USQZ 8USQ]M_QZ a[]SQZ[YYQZ& 9UZbMMSQ
a[Z *( S D][NQZYM_Q]UMX UZ QUZQY AUcNQOTQ] `ZP5`RRrXXQZ
YU_ 8QU[ZM_ M`R *(( S&5Z^OTXUQoQZP LQ]WXQUZQ]`ZS "+ YUZ#
UZ QUZQY AUcQ] "A[PQXX 56 PQ] >ZSQZUQ`]^"]YM KQUN`XX#
`ZP MN"X_]UQ]QZ rNQ] ;MX_QZ"X_Q]& >Y ;MXXQ a[Z <]M^ Q]R[XS_Q$
bQZZ Z[_bQZPUS$ QUZQ J[]eQ]WXQUZQ]`ZS YU_ QUZQ] GOTQ]Q&
9UZ HQUX PQ^ 8USQ]M_^ b`]PQ PU]QW_ Rr] PUQ \=%AQ^^`ZS TQ%
]MZSQe[SQZ$ PQ] FQ^_ eQZ_]UR`SUQ]_ `ZP e`] 5ZMXd^Q YU__QX^
=D@7 UZ JUMX^ MNSQRrXX_&

=D@7%5ZMXd_UW2 8UQ 6Q^_UYY`ZS a[Z AUXOT^p`]Q$ 9^%
^US^p`]Q$ 6`__Q]^p`]Q$ D][\U[Z^p`]Q$ 5YQU^QZ^p`]Q `ZP
9_TMZ[X Q]R[XS_Q YU__QX^ =D@7 PU]QW_ M`^ PQY e`a[] P`]OT
LQZ_]UR`SM_U[Z SQ]QUZUS_QZ 8USQ]M_& 6QPUZS`ZSQZ Rr] PUQ
=D@72 @M`RYU__QX - YA[X =

*
GC

,
$ Gp`XQ 6U[]MP 5YUZQcj

=$ ;X`^^]M_Q ($. Y@'YUZ$ @M`ReQU_ +( YUZ$ HQY\Q]M_`]
.- k7$ 8Q_QW_U[Z F>'IJ NQU *)( ZY3
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@M`_ JQ]^`OT^\XMZ b`]PQZ UZ PQZ G_]Q^^_Q^_^ YU_ UZ Fr%
NQZ\]Q^^^OTZU_eQXZ YU_ 7X[^_]UPUQZ Rr] VQPQ PQ] ?[Z_][XXQZ
^[bUQ Rr] VQPQ PQ] JM]UMZ_QZ + <Xp^Q] \][ mRRZ`ZS^eQU_\`ZW_
a[]SQ^QTQZ& ;r] PUQ NQUPQZ ?[Z_][XXQZ f`ZNQTMZPQX_Q
D]Q^^^OTZU_eQXh `ZP fQ]PW[Z_MYUZUQ]_Q D]Q^^^OTZU_eQXh

b`]PQZ R[XSQZP \][ <XM^ + D][NQZ SQe[SQZ `ZP 8USQ]M_Q
TQ]SQ^_QXX_& 5`^ PQZ ]Q^`X_UQ]QZPQZ + 8USQ]M_QZ Q]R[XS_Q
PUQ 6Q^_UYY`ZS PQ] \=%KQ]_Q$ e`PQY b`]PQZ \][ 8USQ]M_
+ JUMX^ Rr] PUQ =D@7%5ZMXd_UW MNSQRrXX_& ;r] PUQ ?[Z_][XXQZ
b`]PQZ ^[YU_ \][ <XM^ +H][OWQZ^`N^_MZebQ]_Q$ + \=%KQ]_Q
`ZP 1 =D@7%KQ]_Q Q]TMX_QZ&

;r] PUQ QUZeQXZQZ JM]UMZ_QZ "L`^p_eQ a[Z GUXUQ]TUXR^YU__QXZ$
6U[^_MNUXU^M_[]QZ$ ?[YNUZM_U[ZQZ# b`]PQZ \][ <XM^ * D][%
NQZ SQe[SQZ `ZP 8USQ]M_Q TQ]SQ^_QXX_& 5`^ PQZ QUZeQXZQZ
8USQ]M_QZ Q]R[XS_Q PUQ 6Q^_UYY`ZS PQ] \=%KQ]_Q$ e`PQY
b`]PQZ \][ 8USQ]M_ * JUMX^ Rr] PUQ =D@7%5ZMXd_UW MNSQ%
RrXX_& ;r] PUQ QUZeQXZQZ JM]UMZ_QZ b`]PQZ ^[YU_ \][ <XM^
) H][OWQZ^`N^_MZebQ]_$ * \=%KQ]_Q `ZP , =D@7%KQ]_Q
Q]TMX_QZ&

8UQ ^_M_U^_U^OTQ 5`^bQ]_`ZS PQ] 8M_QZ M`^ PQZ NQUPQZ
D]Q^^^OTZU_eQXaQ]^`OTQZ b`]PQ YU__QX^ <QZQ]MX @UZQM]
A[PQX "<@A#$ G_M_S]M\TUO^ -&( a[]SQZ[YYQZ& L`] <Q%
SQZrNQ]^_QXX`ZS PQ] 9]SQNZU^^Q e`Y 9ZPQ PQ] GUXUQ]PM`Q]
ZMOT 1( HMSQZ b`]PQ QUZ Y`X_U\XQ] AU__QXbQ]_aQ]SXQUOT
TQ]MZSQe[SQZ& 5X^ HQ^_aQ]RMT]QZ b`]PQ H`WQdĝ =[ZQ^_Xd
GUSZU"OMZ_ 8URRQ]QZOQ "=G8# HQ^_ YU_ QUZQ] >]]_`Y^bMT]%
^OTQUZXUOTWQU_ a[Z D 4 ($() SQbpTX_&

+& 9]SQNZU^^Q `ZP 8U^W`^^U[Z
>Y ;[XSQZPQZ ^[XX QcQY\XM]U^OT M`R VQ QUZQZ JQ]^`OT YU_
FrNQZ\]Q^^^OTZU_eQXZ `ZP VQ QUZQZ JQ]^`OT YU_ <]M^ ZpTQ]
QUZSQSMZSQZ bQ]PQZ& 5`RS]`ZP UT]Q] 6QPQ`_`ZS UZ PQ]
E`MXU_p_^NQ`]_QUX`ZS a[Z GUXMSQZ ZMOT 8@< "8@<$ *((.#
bQ]PQZ PUQ 9]SQNZU^^Q M`^ PQ] 6Q^_UYY`ZS PQ] <p]^p`%
]QZ SQZM`Q] NQ_]MOT_Q_$ `Y IZ_Q]^OTUQPQ ebU^OTQZ PQZ
6QTMZPX`ZS^aM]UMZ_QZ PM]e`^_QXXQZ& 5`R QUZQ PQ_MUXXUQ]_Q
5`^bQ]_`ZS a[Z YUW][NU[X[SU^OTQZ IZ_Q]^`OT`ZSQZ ^[bUQ
BpT]^_[RRMZMXd^QZ bU]P M`^ DXM_eS]rZPQZ `ZP e`S`Z^_QZ
PQ] nNQ]^UOT_XUOTWQU_ aQ]eUOT_Q_&

%80/,5299/ +<9 );8/99;/9;9 25 &8+9923+0/5

42; $369;82.2/5
8Q] D#MZeQZNQ^_MZP UZ PUQ^QY JQ]^`OT ^Q_e_Q ^UOT e`%
^MYYQZ M`^ -. ! <]p^Q]Z$ */ ! @QS`YUZ[^QZ `ZP *+ !
?]p`_Q]Z "5ZSMNQZ UZ <QbUOT_^\][eQZ_#& 9^ TMZPQX_Q ^UOT
`Y AM_Q]UMX a[Y )&5`Rb`OT^ UY lT]QZ%'FU^\QZ^OTUQNQZ&
8M^ AM_Q]UMX b`]PQ NQU RQ`OT_QY KQ__Q] MY ),& AMU *((0
`Y ))2(( SQQ]Z_Q_ `ZP Rr] PQZ JQ]^`OT `Y )+2+( aQ]bQZ%
PQ_& 8UQ Q]eUQX_Q H][OWQZ^`N^_MZe UY JQ]^`OT XMS NQU Q_bM
*+ ! `ZP PMYU_ ]QXM_Ua _UQR& 9UZQ 6`__Q]^p`]QRQTXSp]`ZS
bM] PMYU_ ^QT] bMT]^OTQUZXUOT&

#,,23.<50 ! NUQ_Q_ QUZQZ Q]^_QZ [\_U^OTQZ 9UZP]`OW Rr]
M`^SQbpTX_Q JM]UMZ_QZ PQ^ <]M^^UXMSQaQ]^`OT^ rNQ] PQZ
GUXUQ]aQ]XM`R&

>Z *+,/33/ ! ^UZP \=%KQ]_Q$ H][OWQZ^`N^_MZeQZ `ZP PUQ
<p]^p`]QZe`^MYYQZ^Q_e`ZS PQ] JM]UMZ_QZ PQ^ <]M^^UXMSQ%
aQ]^`OT^ ZMOT 1( HMSQZ GUXUQ]PM`Q] e`^MYYQZSQRM^^_& 8UQ
H][OWQZ^`N^_MZeQZ e` JQ]^`OT^QZPQ ^UZP ]QXM_Ua T[Y[SQZ
NQU Q_bM *) NU^ ** !& 8UQ JM]UMZ_Q YU_5YQU^QZ^p`]Qe`^M_e
bQU^_ PQZ TqOT^_QZ H][OWQZ^`N^_MZebQ]_ M`R$ bM^ b[TX
M`R PUQ ]M^OTQ \=%5N^QZW`ZS P`]OT PUQ []SMZU^OTQ Gp`]Q
`ZP PMYU_ aQ]]UZSQ]_Q G_[RRbQOT^QXMW_UaU_p_ a[Z UY GUXUQ]%
S`_ QZ_TMX_QZQZ AUW][[]SMZU^YQZ e`]rOWe`RrT]QZ U^_&
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,.8EU\% XRH 8STJIRV`XUIR EPV EPWIUREWMYI$ FMSPSKMVGLI ;SRVIUYMIUXRKVVWSJJI ,.,.

3IM HIR T8%CIUWIR PMIKIR HMI BEUMERWIR 2QIMVIRV`XUI
!BEU& *" XRH 3SRVMPEKI JSUWI !BEU& +" REGL 0' @EKIR
NIZIMPV XRWIU T8 +$ EPPIUHMRKV MVW RXU HMI BEUMERWI QMW
2QIMVIR\XVEW\ FXWWIUV`XUIJUIM& 4MI BEUMERWIR QMW DXVEW\
ER 8STJIR%_%?`XUIR !BEU& ,$ -" \IMKIR MR HIU RMIHUMKIUIR
HIU FIMHIR ;SR\IRWUEWMSRIR !,' TTQ 8STJIR%_%?`XUIR"
IMRI BIUFIVVIUXRK \XQ IUHOSRWEQMRMIUWIR 7UEV& 4MI
LaLIUI ;SR\IRWUEWMSR VSZMI HMI FIMHIR BEUMERWIR MR
HIU ;SQFMREWMSR EXV 8STJIR%_%?`XUIR XRH 8EU\V`X%
UIR \IMKIR MQ 3XWWIUV`XUIKILEPW OIMRI IRWVGLIMHIRHI
BIUFIVVIUXRK&
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EXVKIZ`LPWI BEUMERWIR HIV >UIVVVGLRMW\IPYIUVXGLV bFIU
HIR KIVEQWIR ?MPMIUYIUPEXJ& 9R HMIVIU 4EUVWIPPXRK OERR
YSU EPPIQ HMI \XQIMVW REGL (, @EKIR ?MPMIUHEXIU FIKMR%
RIRHI 4[REQMO HIV <MPGLV`XUIEFFEXV \X 3XWWIUV`XUI
FISFEGLWIW ZIUHIR& 9Q BIUKPIMGL \XQ 7UEVVMPEKIYIUVXGL
ZXUHI MQ >UIVVVGLRMW\IPYIUVXGL ZIRMKIU 7IVEQWV`XUI
KIFMPHIW&

9R )*+.22. " VMRH T8%CIUWI$ @USGOIRVXFVWER\IR XRH HMI
7`UV`XUIR\XVEQQIRVIW\XRK HIU BEUMERWIR HIV >UIVVVGLRMW%
\IPYIUVXGLV REGL 0' @EKIR ?MPMIUHEXIU \XVEQQIRKIJEVVW&
9R HMIVIQ BIUVXGL VMRH HMI IUQMWWIPWIR @USGOIRVXFVWER\IR
VILU LSQSKIR$ IMR VMKRM!OERWIU ARWIUVGLMIH MVW EFIU FIM
HIU BEUMERWI QMW 2QIMVIRV`XUI\XVEW\ IUOIRRFEU& 4MIV MVW
HEUEXJ \XUbGO\XJbLUIR$ HEVV HMI UEVGLI T8%2FVIROXRK
IMRI YIUUMRKIUWI ?WSJJZIGLVIPEOWMYMW`W YSR MQ ?MPMIUKXW
IRWLEPWIRIR <MOUSSUKERMVQIR XRH HEQMW KIUMRKIUI @US%
GOIRVXFVWER\YIUPXVWI FIZMUOW&

9Q 7IKIRVEW\ HE\X OaRRIR FIM HIR T8%CIUWIR REGL 0'
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HIU 7`UV`XUIR\XVEQQIRVIW\XRK ZMHIU& 9Q 6SPKIRHIR VSPP
EXJ HMI 3XWWIUV`XUIKILEPWI EPV HIQ ZMGLWMKVWIR >EUEQIWIU
MR HIR ARWIUVXGLXRKIR R`LIU IMRKIKERKIR ZIUHIR&

C`LUIRH MR XRFILERHIPWIR >UIVVVGLRMW\IPR !BEU& (" OEXQ
3XWWIUV`XUI KIJXRHIR ZIUHIR OSRRWI$ \IMKWIR VMGL MR
IUHOSRWEQMRMIUWIR >UIVVVGLRMW\IPR !BEU& )" REGL 0' @EKIR
?MPMIUHEXIU VILU LSLI CIUWI& 4IQREGL IUJSPKWI bFIU HIR
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8CSY% VPF 8QRHGPT_VSGP CNT CNUGSPCUKWG$ DKQNQIKTEJG ;QPTGSWKGSVPITTUQHHG,/

6SFYVTCUY GKP OCTTKWGS 6KPUSCI WQP 4NQTUSKFKGP VPF GKPG
FGOGPUTRSGEJGPFG 3VUUGST_VSGHGJNI_SVPI&

2OGKTGPT_VSG !ACS& *" CPFGSGSTGKUT VPUGSFSaEMU 3VUUGS%
T_VSGDKNFVPI DGKPCJG WQNNTU_PFKI& 5GOIGIGPaDGS MQPPUG
OKU GKPGO DKQNQIKTEJGS ?KNCIGTUCSUGS DGK GORHQJNGPGS
6KPTCUYMQPYGPUSCUKQP !ACS& +$ 3QPTKNCIG HQSUG" DYX& JQR%
HGPSGTKTUGPUGP <KNEJT_VSGDCMUGSKGP DGK (', ;36 !ACS&
," MCVO GKP 6HHGMU GSYKGNU XGSFGP& <KU 3KQTUCDKNKTCUQSGP
DGJCPFGNUG GSFMQPUCOKPKGSUG >SGTTTEJPKUYGN$ OKU2VTPCJOG
WQP ACSKCPUG () ZGSFMQPUCOKPKGSU # ), RRO 8QRHGP%^%
?_VSGP\$ YGKIGP KO 7GIGPTCUY FCYV TKIPK!MCPU IGSKPIGSG
3VUUGST_VSGXGSUG&

5KG IGOGKPTCOG 2PXGPFVPI WQP <KNEJT_VSGDCMUGSKGP
!3QPTKNCIG HQSUG$ JQRHGPSGTKTUGPUG <?3" OKU 8QRHGP%^%
?_VSGP !ACS& -$ .$ /$ 0" HaJSU YV GKPGS XGKUGSGP AGSDGTTGSVPI$
KPTDGTQPFGSG KP FGS LGXGKNT J`JGSGP FGS DGKFGP IGUGTUGUGP
8QRHGP%^%?_VSGP ;QPYGPUSCUKQPGP& 5KG @CUTCEJG$ FCTT
JQRHGPSGTKTUGPUG <?3 OKU 8QRHGP%^%?_VSGP GUXCT DGTTGS
CDTEJPGKFGP CNT FKG ;QODKPCUKQP CVT 3QPTKNCIG HQSUG VPF
8QRHGP%^%?_VSGP OCI PGDGP FGS CP KJPGP DGTUKOOUGP
8QRHGPSGTKTUGPY CP FGS AGSXGPFVPI WQP TUQHHXGEJTGNCM%
UKWGP )+%J%;VNUVSGP FGS JQRHGPSGTKTUGPUGP ;GKOG NKGIGP&
2PFGSGSTGKUT TKPF FKGTG CVT FGO 3SCVDGSGKEJ TUCOOGPFGP
<KMSQQSICPKTOGP MCVO CP FKG 3GFKPIVPIGP KP ?KNCIGP
CFCRUKGSU& 9PUGSGTTCPUGSXGKTG M`PPGP CVEJ FKG KP 3QPTKNCIG
HQSUG GPUJCNUGPGP <KNEJT_VSGDCMUGSKGP DGK J`JGSGP ;QPYGP%
USCUKQPGP CP 8QRHGP%^%?_VSGP KO ?KNKGSIVU XCEJTGP VPF
CVH FKGTG BGKTG FGP 2DDCV WQP <KNEJT_VSG YV 3VUUGST_VSG
WGSJKPFGSP& 6KP 6SIGDPKT FCT CVHISVPF WQP GKIGPGP 3GQD%
CEJUVPIGP KP AQSWGSTVEJGP PKEJU ICPY VPGSXCSUGU KTU& 5KGT
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Appendix three

Application of natural antibacterials in pressed pulp silage

production part II: Application of silage additives in organic

pressed pulp silage.

Florian Emerstorfer, Barbara Weisseisen and Walter Hein

Poster Presentation at the 72nd IIRB Congress, Copenhagen. Proceedings pp.

116-120 (2010)
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Bhhdb\Zlbgf g_ TbdZ`^ B]]blbn^k bf Pj`Zfb\
Qj^kk^] Qmdh TbdZ`^

FNFSTUPSGFS G. , XFJTTFJTFO C. pi_ IFJO X.
1 2 1

1; Yp^f`majmn^cpib Upggi Hh]I< 2; Bbm\i\ Yp^f`m Hh]I, Ct-Qmj_p^on

Ji oc` n`^ji_ jmb\id^ npb\m ^\hk\dbi \o BHSBOB di 2009 jmb\id^ npb\m ]``on amjh Bpnomd\i a\mh`mn r`m` kmj^`nn`_ di Impnjq\it
a\^ojmt oj kmj_p^` jmb\id^ npb\m. Epmdib ]``o kmj^`nndib gjr _mt h\oo`m jmb\id^ km`nn`_ kpgk r\n kmj_p^`_ \n \ ]t-kmj_p^o. Ep` oj
gdhdo`_ _mt`m ^\k\^dot, \i \hjpio ja 500 o ja jmb\id^ km`nn`_ kpgk r\n `indg`_ di mjpi_ ]\g`n \__`_ rdoc ^gjq`m ndg\b`.Biph]`m ja ]\g`n
r`m` om`\o`_ rdoc ^jh]di\odjin ja \ ^jhh`m^d\g ndg\b` dij^pg\io \i_ cjk ]`o\ \^d_n \n km`qdjpn nop_d`n c\_ ncjri bjj_ `aa`^on ajm
^jh]di`_ i\opm\g \iod]\^o`md\g \i_ g\^od^ \^d_ ]\^o`md\ \kkgd^\odji. Q\m\gg`g oj oc\o, \ ntno`h\od^ g\]jm\ojmt omd\g r\n ^\mmd`_ jpo oj
`q\gp\o` ^c\ib`n oj lp\gdot m`g`q\io k\m\h`o`mn jq`m oc` j]n`mq`_ odh`.

Uc` r\n oj `indg` gjr _mt h\oo`m jmb\id^ km`nn`_ kpgk
\__`_ rdoc ^gjq`m ndg\b` ajm m\dndib oc` kmjo`di ^jio`io. Tdg\b` \__dodq`n r`m`
pn`_ oj `ic\i^` g\^od^ \^d_ a`mh`io\odji \i_ oj diq`nodb\o` oc` kjo`iod\g ajm
apmoc`m ndg\b` lp\gdot dhkmjq`h`ion.

Zbe g_ la^ klm]q

Qj^hZjZlbgf g_ dZ[gjZlgjq kbdZ`^k
Gjm g\]jm\ojmt ndg\b`n km`k\m\odji jmb\id^ km`nn`_ kpgk \i_ ^gjq`m ndg\b`
r`m` hds`_ di \ ^ji^m`o` hds`m di \ 28;1 kmjkjmodji. Bao`mr\m_n, ndg\b`
\__dodq`n r`m` \kkgd`_ pndib \ nkm\t`m ]joog`. Uc` om`\o`_ h\o`md\g oc`i r\n
k\^f`_ dioj 1 M bg\nn e\mn \i_ h\dio\di`_ \o 25wD di \ ^gdh\od^ ^c\h]`m. 5
m`kgd^\o`n ja `\^c om`\oh`io r`m` jk`i`_ \ao`m 15, 45 \i_ 90 _\tn \i_
\i\gtu`_ ajm _mt h\oo`m, kI-q\gp` \i_ qjg\odg` a\oot \^d_n pndib IQMD.

Tdg\b` \__dodq`n Z\kkgd`_ \^^jm_dib oj oc` m`^jhh`i_\odjin jao c` kmj_p^`m[

Cjindg\b` ajmo` (Ca); hdsopm` ja cjhja`mh`io\odq` g\^od^ \^d_ ]\^o`md\

Ijk ]`o\ \^d_n (ICB); C`o\To\] 10Brdoc 10 % (r/r) \^odq` dibm`_d`io

Um`\oh`ion (km`k\m`_ di 5 m`kgd^\o`n)

Pmb\id^ km`nn`_ kpgk

Pmb\id^ km`nn`_ kpgk + ^gjq`m ndg\b`

Pmb\id^ km`nn`_ kpgk + ^gjq`m ndg\b` + Ca

Pmb\id^ km`nn`_ kpgk + ^gjq`m ndg\b` + Ca + 50 kkh ICB

Pmb\id^ km`nn`_ kpgk + ^gjq`m ndg\b` + Ca + 100 kkh ICB

!

!

!

!

!

!

!

S^kmdlk _gj dZ[gjZlgjq kbdZ`^k
Gdbpm` 2 _dnkg\tn oc` kmjbm`nndji ja jmb\id^ \^d_ ^ji^`iom\odjin di g\]jm\ojmt
ndg\b`n jq`m oc` j]n`mq`_ odh`. Tdg\b`n rdocjpo cjk ]`o\ \^d_n \__dodji ncjr
hj_`m\o` ]potmd^ \^d_ ^ji^`iom\odjin di oc` g\o`m no\b`n ja a`mh`io\odji. Ji
^jiom\no oj oc\o, ^jh]di`_ Cjindg\b` ajmo` \i_ cjk ]`o\ \^d_n \kkgd^\odji
`scd]don km\^od^\ggt ^jhkg`o` npkkm`nndji ja ]potmd^ \^d_ ajmh\odji.

S`npgon ajm g\]jm\ojmt ndg\b`n \ao`m 90 _\tn ja `indgdib \m` ncjri di U\]g` 2.
E\o\ r`m` \i\gtu`_ pndib ji` r\t \i\gtndn ja q\md\i^` (BOPWB) ajggjr`_ ]t
Upf`t'n Iji`nogt Tdbidad^\io Edaa`m`i^` (ITE) Ù no rdoc Q = 0.05 oj _`o`mhdi`
ndbidad^\io _daa`m`i^`n ja h`\in ]`or``i om`\oh`ion. Uc`n` \i\gtn`n r`m`
k`majmh`_ pndib To\obm\kcd^n kgpn, q`mndji 5.0.

Qjg]m\lbgf g_ [Zd^] kbdZ`^k
28 o ja jmb\id^ km`nn`_ kpgk r`m` hds`_ rdoc 1 o ja ^gjq`m ndg\b` kmdjm oj ]\gdib.
Tdg\b` ]\g`n r`m` km`k\m`_ pndib \i Pmf`g mjpi_ ]\g`m. B__dodq`n r`m`
\kkgd`_ ]t h`\in ja \ Todcg ]\^fk\^f nkm\t`m ji oc` mp]]`mdu`_ ]`go. Fq`mt
om`\oh`io r\n km`k\m`_ di _pkgd^\o`.

Tdg\b` \__dodq`n Z\kkgd`_ \^^jm_dib oj oc` m`^jhh`i_\odjin ja oc` kmj_p^`m[

Cjindg\b` ajmo` (Ca); hdsopm` ja cjhja`mh`io\odq` g\^od^ \^d_ ]\^o`md\

Ijk ]`o\ \^d_n (ICB); C`o\To\] 10Brdoc 10 % (r/r) \^odq` dibm`_d`io

Um`\oh`ion

Pmb\id^ km`nn`_ kpgk + ^gjq`m ndg\b`

Pmb\id^ km`nn`_ kpgk + ^gjq`m ndg\b` + Ca

Pmb\id^ km`nn`_ kpgk + ^gjq`m ndg\b` + Ca + 50 kkh ICB

Pmb\id^ km`nn`_ kpgk + ^gjq`m ndg\b` + Ca + 100 kkh ICB

C\g`n r`m` n\hkg`_ \i_ \i\gtu`_ ji _mt h\oo`m, kI-q\gp` \i_ qjg\odg` a\oot
\^d_n pndib IQMD \ao`m 5 hjiocn ja di_jjm nojm\b`.

!

!

!

!

!

!

TmeeZjq Zf] gmldggc

S^kmdlk _jge ^fkbdbf` ljbZdk obla gj`Zfb\ hj^kk^] hmdh ebp^] obla
\dgn^j kbdZ`^ kago laZl kbdZ`^ Z]]blbn^k \Zf k^d^\lbn^dq bfab[bl
mfoZfl^] eb\jg-gj`Zfbkek km\a Zk \dgkljb]bZ. Igo^n^j, la^ mk^ g_
dZ\lb\ Z\b] [Z\l^jbZ Zdgf^ ]g^k fgl `mZjZfl^^ _gj dgo [mlqjb\ Z\b]
\gfl^flk. Ua^ Z]]blbgfZd mk^ g_ agh [^lZ Z\b]k kmhhgjlk la^ Z\lbnblq
g_ dZ\lb\ Z\b] [Z\l^jbZ Zf] a^dhk lg Z\ab^n^ kbdZ`^k obla dgo [mlqjb\
Z\b] \gfl^fl bf gj]^j lg hjgnb]^ ab`a imZdblq _^^]bf` klm__ kmblZ[d^
_gj gj`Zfb\ _Zjebf`.

DEFNI /8 CITVNUT JQS FENIH TMNEKI XMUL QSKEPMG RSITTIH RVNR OMYIH XMUL GNQWIS TMNEKI
EPH USIEUIH XMUL TMNEKI EHHMUMWIT

Pmb. QQ > Pmb\id^ km`nn`_ kpgk, DT > Dgjq`m ndg\b`< EN > Emt h\oo`m, MB > M\^od^ \^d_, BB > B^`od^ \^d_, CB > Cpotmd^ \^d_, UB >
Ujo\g \^d_n (nph ja MB + BB + CB), FoPI > Foc\ijg, Ca > Cjindg\b` ajmo`, ICB > Ijk ]`o\ \^d_n< Upf`tvn ITE Ù no, k = 0,05, i >

5, TE > To\i_\m_ _`qd\odji< ...h`\i q\gp`n ajggjr`_ ]t _daa`m`io g`oo`mn di \ ^jgphi \m` ndbidad^\iogt _daa`m`io<
\, ], ^,

?MKVSI 08 BSQKSITTMQP QJ QSKEPMG EGMH GQPGIPUSEUMQPT MP USIEUIH NEFQSEUQSZ TMNEKIT

DEFNI 08 ?ISOIPUEUMQP GLESEGUISMTUMGT QJ USIEUIH NEFQSEUQSZ TMNEKIT EJUIS 7. HEZT QJ IPTMNMPK

S^kmdlk _gj [Zd^] kbdZ`^k
U\]g` 1 _dnkg\tn m`npgon ajm ]\g`_ ndg\b`n nojm`_ ajm 5 hjiocn. Bgg om`\oh`ion
ncjr r`gg km`n`mq`_ ndg\b`n rdoc gjr kI-q\gp`n, cdbc g\^od^ \^d_ \i_ \^`od^
\^d_ g`q`gn, \i_ gjr ]potmd^ \^d_ ^ji^`iom\odjin. Djh]di`_ \kkgd^\odji ja cjk
]`o\ \^d_n \i_ Cjindg\b` ajmo` m`npgo`_ di apmoc`m dhkmjq`h`ion \i_
^jhkg`o` dicd]dodji ja ]potmd^ \^d_ ajmh\odji.

N`\i q\gp`n ja _pkgd^\o` \i\gtndn. Pmb. QQ > Pmb\id^ km`nn`_ kpgk, DT > Dgjq`m ndg\b`, EN > Emt h\oo`m, MB > M\^od^ \^d_, BB > B^`od^
\^d_, CB > Cpotmd^ \^d_, UB > Ujo\g \^d_n (nph ja MB + BB + CB), FoPI > Foc\ijg, Ca > Cjindg\b` ajmo`, ICB > Ijk ]`o\ \^d_n<

?MKVSI /8 BSQHVGUMQP QJ FENIH TMNEKIT

Dgehgkblbgf g_ Pj`Zfb\ B\b]k bf Pj`Zfb\ Qj^kk^] Qmdh TbdZ`^k B]ebp^] Ddgn^j TbdZ`^

Zf] Uj^Zl^] obla B]]blbn^k
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